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1 Introduction 
DHI were commissioned by J.B. Barry and Partners Ltd., working on behalf of Irish Water to 
perform services relating to water quality modelling for the Ringsend Wastewater Treatment 
Works in Dublin, Republic of Ireland. 

Water quality modelling services are required to support the assessment of appropriate final 
effluent discharge standards associated with the Ringsend Wastewater Treatment Plant 
Upgrade Project.  In addition, the modelling work will also be used in the assessment of the 
environmental impacts for the purposes of Environmental Impact Assessment and Appropriate 
Assessment, to be carried out as part of the planning application for the project.  In the first 
instance the outcome of the modelling work will be included in the Environmental Impact 
Assessment Report (EIAR) for the project. 

DHI has previously conducted numerous studies on hydrodynamics and water quality in the 
Lower Liffey Estuary and in Dublin Bay (Ref. /1-2/).  This included the development of a three-
dimensional (3D) hydrodynamic water quality model to predict effluent dispersion and plume 
trajectories.  The results of the simulation were part of the previous Environmental Impact 
Statement for the proposed long sea outfall to relieve the existing Waste Water Treatment Plant 
at Ringsend (Ref. /1/). 

DHI used the existing hydrodynamic model of Dublin Bay and redeveloped it for the objective of 
performing water quality modelling for the revised Ringsend WwTP.  As part of this, DHI 
recalibrated the model against newly surveyed ADCP and CTD data specific to this 
investigation. This re-calibrated model was informed by previous DHI studies within the Liffey 
Estuary and Dublin Bay. 

This report details the setup of the data available to the study, the modelling approach and the 
results of the modelling assessment.  



  

14 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

This page has been left blank intentionally. 

  



Scope of Work  

 15 

2 Scope of Work 
The objective of the water quality modelling is to assess the fate of a set of key indicators 
(pollutants) within the Lower Liffey Estuary, Tolka Estuary and Dublin Bay. Pollutants may enter 
the system via the various rivers, canals, or outfalls (including the treated effluent from the 
Ringsend WwTP) that discharge into these receiving waters. 

The following biological and chemical substances have been assessed: 

• Faecal coliforms (Escherichia coli, E. coli); 
• DIN (dissolved inorganic nitrogen); 
• Ammonia; 
• MRP (Molybdate reactive phosphorus); 
• BOD (biochemical oxygen demand); and 
• Total suspended solids (TSS). 

To permit the continued discharge of treated effluent at its current location, Irish Water are 
seeking to include nutrient removal at the Ringsend WwTP.  To assess the impacts/effects of 
this modification, it is necessary to establish the water quality environment for the existing 
(“baseline”) situation.  It was proposed for this study that the baseline conditions were 
established for a typical summer and typical winter periods, based on 3-year average conditions 
(2013 – 2015, inclusive).  Background flows and pollutant concentrations (from rivers, canals 
and outfalls) were included in addition to the effluent discharge from the Ringsend WwTP. 

Following the establishment of the baseline situation, the water quality environment following the 
construction of the proposed alteration to the Ringsend WwTP can be predicted using 
information on estimated future emissions. 

The change in the water quality environment between the baseline and future emissions 
scenarios can then be used to inform the environmental impact statement for the project. 

The key stages for this study therefore include: 
 
1. Examine water quality monitoring data from within Dublin Bay; 
2. Setup and calibrate a 3-dimensional hydrodynamic model; 
3. Setup and run water quality models for typical summer and typical winter conditions; 
4. Validate the water quality model for summer and winter conditions; 
5. Setup and perform baseline modelling scenarios; and 
6. Undertake the future “with scheme” modelling scenarios. 

These stages are outlined in the following sections of the report.  
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3 Study Area 

3.1 Geographic Setting 

The area of interest for the present study was the estuaries of the Liffey, the Tolka, Dublin Bay 
and the immediate environs of the Irish Sea, as shown in Figure 3.1. 

Dublin Bay is an inlet of the Irish Sea on the east coast of the Republic of Ireland.  The Bay can 
be defined as the area of water enclosed by Howth Head in the north to Dalkey Head in the 
south - approximately 10 kilometres.  The Bay is relatively shallow with water depths generally 
less than 10m.  There exist large intertidal areas with exposed sand and mud flats at low water.     

Dublin Port is situated at the mouth of the River Liffey and within the innermost part of Dublin 
Bay.  The Ringsend WwTP is located on the south bank of the River Liffey, from where the 
Great South Wall extends over 4 kilometres into Dublin Bay.  The WwTP discharges into the 
Bay receiving waters of the Liffey on the north side of the Great South Wall. 

To the north of the Port, the River Tolka also discharges into Dublin Bay at Clontarf.  The Tolka 
Estuary is separated from the Irish Sea by the North Bull Wall, which extends 3 kilometres into 
Dublin Bay.  Bull Island is located on the seaward side of the North Bull Wall and extends 
toward Howth Head to the north-east of Dublin Bay.  Bull Island has formed as a long-term 
consequence of changes to siltation since the construction of the North Bull Wall in the early 
nineteenth century.  The River Santry discharges in the lagoon behind Bull Island and exits 
through the outlet to the North of the causeway connecting Bull Island to the mainland. 

The southern part of Dublin Bay, i.e. south of the Great South Wall, is characterised by an area 
of mud flats and beaches.  Several of these beaches are designated bathing waters. 

 

Figure 3.1 Map of Dublin Bay showing key locations as referred to in the text. 
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3.2 Hydraulic Setting 

3.2.1 Tide 
The tide in Dublin Bay is semi-diurnal in nature with an average tidal range of approximately 3.4 
m during spring tide and 1.9 m during neap tide.  The astronomical tidal states for Dublin Port 
are given in Table 3.1 with reference to Chart Datum and Ordnance Datum (OD) Malin, which is 
approximately 0.1m below mean-sea-level (MSL). 

Table 3.1 Astronomical tidal conditions for Dublin Port (Ref. Dublin Port Tide Tables 2016).  N.B. 
Dublin Port tide tables note that LAT is ~0.1m below Chart Datum. 

Tidal state Levels to Chart Datum Levels to OD Malin 

HAT +4.50m +1.99m 

MHWS +4.10m +1.59m 

MHWN +3.40m +0.89m 

MSL +2.40m -0.11m 

MLWN +1.50m -1.01m 

MLWS +0.70m -1.81m 

LAT -0.1m -2.61m 

Chart Datum 0.00m -2.51m 

3.2.2 Rivers 
There are three major rivers (namely the Rivers Liffey, Dodder and Tolka) plus a number of 
smaller rivers and canals that discharge into Dublin Bay.  Together with the tide, the discharge 
from these sources sets the flow and determines the vertical distribution of temperature and 
salinity and the horizontal position of this in the estuary. 

River Liffey 
The River Liffey is the largest river to enter Dublin.  The catchment area (1,370km2) is divided 
into three parts according to Ref. /3/: 

The upper catchment area (308 km2) is very mountainous and responds quickly to heavy 
rainfall. The Pollaphuca Dam is located at the end of the upper catchment area, with the Golden 
Falls Dam situated 2km further downstream.  The inflow to the Golden Falls reservoir is equal to 
the outflow of the Pollaphuca reservoir.  The Pollaphuca reservoir acts as a flood relief reservoir 
subject to ESB (Electricity Supply Board) operating guideline restrictions intended to avoid 
overtopping.  In addition, a minimum compensation flow of 1.5 m3/s applies at Pollaphuca, which 
arises under the Liffey Reservoir Act 1936. 

The middle catchment area (534 km2) is characterised by a rather flat landscape with the Leixlip 
Dam at the downstream end. 
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The lower catchment area (528 km2) is flat and discharges through Dublin into Dublin Bay and 
the Irish Sea.  There are four important tributaries between the Leixlip Dam and the Irish Sea 
(over a distance of 20 km): Rye Water (215km2), Griffeen (50 km2), Cammock (84 km2) and 
Dodder (113 km2).  The Dodder enters the Liffey just upstream of the Ringsend WwTP at Dublin 
Port and has, as such, little influence on the flows of the Liffey through the city. 

Apart from the above-mentioned rivers, the Liffey is also fed along the route by an unknown 
number of small outfalls, contributing urban runoff and local drainage flows. The tidal limit (and 
the proposed limit of the present modelling study) is Islandbridge Weir on the River Liffey.  

River Dodder 
From Ref. /3/, it is known that the Dodder is the smallest river (in catchment area) of the three 
principal rivers (the Tolka, Liffey and Dodder) entering Dublin city.  It is, however, the second 
largest in terms of discharge.  The Dodder has a long history of flooding, more than any other 
river in Dublin.  The total catchment area is 113 km2 with a steep mountainous (1/20) and a fast 
reacting upper and middle catchment area and a flat lower (Dublin) catchment area.  In the 
upper area, there are two reservoirs (Upper and Lower Bohernabreena Reservoir), but they 
collect runoff water from only 28 km2 (25%) of the total catchment area.  Some important 
tributaries such as the Owendoher and Little Dargle are contributing downstream of the dams.  

River Tolka 
From Ref. /3/, it is known that the River Tolka is the second largest river in terms of catchment 
area to enter Dublin.  It is, however, the smallest in terms of discharge.  The River Tolka has a 
catchment area of 141 km2.  In the upper catchment, the river is just a stream with small 
meanders and low banks with a relatively flat bed gradient of about 0.4%.  The river is 2.5 m to 
5m wide.  Occasional flooding causes a flood plain extending up to 400 m wide. 

Entering urban environments, the profile of the river changes noticeably.  Through the Tolka 
Valley Park, Botanic Gardens and Griffith Park, it becomes somewhat wider and straighter, with 
generally higher and more defined grass banks.  In its latter reaches through Glasnevin, 
Drumcondra and Marino, the river becomes increasingly canalised.  In this section, the riverbank 
varies from natural riverbank to an ad hoc arrangement of walls of varying height.  Downstream 
of Drumcondra, the river is also subject to tidal influence, and the channel is wider with more 
formal riverside walls in the lower section. 

Minor Rivers and Streams 
The Santry is a small river of approximately 7 km length with a catchment area of ~16 km2.  The 
river flows through predominantly urbanised and industrial areas on the north side of Dublin and 
enters Dublin Bay via a culvert behind Bull Island.  The Bull Island causeway forms a barrier to 
flow and hence the Santry discharges to the north and has no direct connection with the Tolka.  

The Elm Park Stream and the Trimleston Stream are small urban watercourses in the south of 
Dublin.  These streams are not large, but likely receives urban runoff due to surface water 
drainage.  Both discharge into the south of Dublin Bay near designated bathing water beaches. 
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3.3 Environment 

3.3.1 Designated Areas 
Within Dublin Bay there are two Special Areas of Conservation (SACs) designated under the EU 
habitats Directive. 

• South Dublin Bay SAC: located to the south of the Great South Wall and primarily 
designated for presence of extensive Tidal Mudflats and Sandflats. 

• North Dublin Bay SAC:  the area behind Bull Island is selected for a range of habitats 
species including Tidal Mudflats, Sandflats, and Fixed Dunes. 

Within the inner part of Dublin Bay and its estuaries, there are two designated Special Protection 
Areas (SPAs) under the terms of the EU Birds Directive (2009/147/EC): 

• South Dublin Bay and River Tolka Estuary SPA: includes a substantial part of Dublin Bay 
and the estuary to the Rover Tolka to the north of the River Liffey. 

• Bull Island SPA: covers the Inner Part of North Dublin Bay extending from Bull Island to 
Howth Head. 

In addition to these designations, the Liffey and Tolka estuaries are designated as nutrient 
sensitive under the Urban Waste Water Treatment Directive.  

3.3.2 Water Quality 
The qualitative and quantitative status of the water quality environment of Dublin Bay and its 
estuaries is governed by the EU water framework directive (WFD).  Table 3.2 summarises the 
relevant standards that must be achieved to meet the environmental objectives specified in the 
WFD for surface waters (Ref. /4/).  The standards are defined according to two relevant 
categories, transitional waters (estuaries) and coastal waters.  Figure 3.2 shows the definition of 
these areas in relation to Dublin Bay. 

The most recent published status (2010-2015) of the transitional waterbodies are: 

• Liffey Estuary Upper – Moderate Status 
• Liffey Estuary Lower – Moderate Status 
• Tolka Estuary – Moderate Status 

The most recent published status (2010-2015) of the coastal waterbody are: 

•  Dublin Bay – Good status. 

The WFD risk score shows that all sites (transitional and coastal) are at risk of not achieving 
good status. 

Table 3.3 summarises the relevant status for bathing water quality (Ref. /5/).  There are three 
designated bathing water areas within Dublin Bay (Figure 3.2). The most recent status of these 
bathing water areas is: 

• Dollymount Strand – good  
• Sandymount Strand – sufficient 
• Merrion Strand – poor 
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Table 3.2 Environmental quality standards as specified in the European Communities Environmental 
Objectives Surface Waters 2009 (Ref. /4/). 

Parameter Description Transitional water body Coastal water body 

Biochemical 
Oxygen 
Demand (BOD) 

European communities 
environmental objectives 
(surface waters) 
regulations 2009 

95 %ile concentration: 

≤ 4 mg/l  
N.A. 

Dissolved 
Inorganic 
Nitrogen (DIN) 

N.A. 

Median concentration: 

≤ 0.17 mg/l (High status) 

≤ 0.25 mg/l (Good status) 

Moly date 
Reactive 
Phosphorus 
(MRP) 

Median concentration: 

≤ 0.04 mg/l 
N.A. 

 

Table 3.3 Environmental quality standards for bathing waters as specified in the European 
Communities Environmental Objectives Bathing Waters 2008 (Ref. /5/). 

Parameter Description 
Concentration (No./100ml) 

Excellent quality Good quality Sufficient quality 

Escherichia coli 
(E. coli) 

European communities 
bathing water quality 
regulations 2008 

250* 500* 500** 

* Based on 95% of samples or more, ** Based on 90% of samples or more  

 

 

Figure 3.2 Map of Dublin Bay showing definitions of transitional waters and coastal waters and 
locations of bathing water beaches (orange).  
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4 Available Data 

4.1 Hydrometric/Hydrodynamic Data 

Hydrometric data includes information on river flow rates and water levels, whilst hydrodynamic 
data refers to current speeds, temperatures and salinities in Dublin Bay and its estuaries.   

These data were obtained from several sources and were analysed in order to ensure 
consistency and reliability for use in the study.  The data were used for the following purposes: 

1. To provide background conditions used as inputs to the hydrodynamic model (e.g. flow 
rates from rivers); and 

2. As calibration and validation data for the hydrodynamic model (water levels, current 
speeds, temperature, and salinity)  

4.1.1 River Flow Rates 
There are three major rivers (namely the River Liffey, Dodder and Tolka) plus several smaller 
rivers and canals that discharge into the study area.   

Flow data for the relevant rivers and tributaries was obtained, where available, from the 
Environmental Protection Agency’s (EPA) HydroNet site. 

Flow data for the River Liffey at Leixlip Power Station was provided by the Electricity Supply 
Board (ESB) and was available for the year 2015 only. 

Figure 4.1 shows the locations of the gauging stations used.   

The gauging station for the Liffey at the Leixlip Power Station was located at a position some 
distance upstream from the tidal limit at Islandbridge Weir.  These values were therefore scaled 
based on the size of the catchment between Leixlip and Islandbridge Weir (see Section 5.4.5).  
For other rivers, no allowances have been made for any additional run-off between the gauging 
stations and the receiving waters. 

Many additional ungauged flows representing smaller rivers, streams and canals were also 
included in the hydrodynamic model.  The specification of all freshwater sources in the model is 
described in Section 6.3.1. 
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Figure 4.1 Map showing location of rivers and their gauging stations in and around Dublin.  

4.1.2 Water Levels 
Information on Water level in the Lower Liffey Estuary were available from two tide gauges: 

• Dublin Port Tide Gauge (obtained from the Marine Institute, data.marine.ie); and 
• Ringsend Tide gauge (provided by Dublin City Council). 

Figure 4.2 shows the location of the two tide gauges and Figure 4.3 shows a time-series of 
water levels from the two gauges during the model calibration period (September – October 
2015).   

 

Figure 4.2 Map showing location of tide gauges on Lower Liffey Estuary.  

http://ukprojects/26800565/Deliverables/data.marine.ie


Available Data  

 25 

 

Figure 4.3 Time series of water levels recorded at gauges on Lower Liffey Estuary during September – 
October 2015.  

4.1.3 Currents 
Acoustic Doppler current profilers (ADCPs) are a commonly used instrument for measuring 
water current velocities.  An ADCP emits pulses of sound which are scattered off particles 
suspended in the water column.  The current velocity is then estimated using the principle of the 
Doppler Effect of echoed sound waves.  

ADCPs are typically deployed on the bottom of a river or on the seafloor and measure the flow 
speed and direction at regular intervals (bins) through the water column.  Alternatively, an ADCP 
can be mounted off the side of a moving vessel to measure the spatial variation in current speed 
along the vessel route.  However, it should be noted that data for bins adjacent to the free 
surface (for a bottom-mounted ADCP) or the seafloor/river bed (for a vessel mounted ADCP) 
must be discarded as these data are contaminated by reflection off that surface, so called side-
lobe interference. 

Information from several ADCP surveys were used for the present study to ensure a suitable 
calibration of the model and to develop the conceptual understanding of flow in the estuary and 
the bay. These included: 

• 2015 seabed mounted survey of Liffey Estuary, Tolka Estuary and Dublin Bay performed by 
Aquafact International Surveys (Ref. /6/); 

• 2013 seabed mounted survey of Dublin Port (provided by RPS, from the Alexandra Basin 
EIS study, see Ref. /7/); 

• 2010 seabed mounted survey at Burford Bank in Outer Dublin Bay performed by DHI (Ref. 
/8/); and 

• 2009 vessel-mounted survey of Dublin Bay performed by DHI (Ref. /9/). 

2015 survey of estuaries and Dublin Bay 
Information on current speeds and directions through the water column within Dublin Bay, the 
Lower Liffey Estuary and the Tolka Estuary were recorded for this study during the Autumn of 
2015.  These data were collected by means of seabed mounted acoustic current speed profilers 
and Conductivity Temperature Depth (CTD) dips for currents and other relevant water 
parameters (see Section 4.1.4).   

Directional data from the CTD current profilers was constrained to surface measurements due to 
problems with the compass at depth. 
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The ADCP current profilers were set to record the current speeds through the water column 
from 1m above the seabed to a point below the sea surface (approximately 1-2m below the 
surface) at intervals of 1m.  A sensor on the device also recorded the water temperature 1m 
above the seabed.  For more information on the survey methodology, see Ref. /6/. 

Table 4.1 and Figure 4.4 show the location of the three devices deployed as part of the survey. 
It was noted that there was uncertainty on the location of these devices following the completion 
of the survey. The approximate locations provided were based on the surveyors best estimate of 
the position.  All surveys covered at least one full spring-neap tidal cycle. 

It was noted that the survey data contained high-frequency variations in current speeds and 
particularly current direction at temporal scales that cannot be resolved by hydrodynamic 
models.  To improve their usability the survey data were therefore smoothed by applying a 30-
minute moving average filter to enable comparison to the model predictions.   

There were also noted issues with respect to the direction of the current which may have been 
associated with the positioning of the devices within the estuary - which was performed in 
consultation with the harbour master to ensure safety of navigation.  As such, DHI have 
concerns regarding the suitability of these data for quantitative assessment of model 
performance, particularly for direction.  However, as there are limited studies on the actual 
three-dimensional circulation of water in the harbour in the public domain these data provide the 
most up-to-date recordings and shall be used for a qualitative model assessment. 

Figure 4.5 shows time-series’ of the depth-averaged current speed at the three ADCP locations.  
The fastest current speeds were at the shallowest location, ADCP 3 (Clontarf), where mean 
depth-averaged currents were 0.21 m/s.  The current speeds at ADCP 1 and ADCP 2 were low 
with mean values of 0.11 m/s and 0.12 m/s, respectively. These relatively low current speeds 
suggest that the overall circulation of water in the estuary can also be impacted by factors other 
than the tide.  

The distribution of current speeds and directions at the three ADCP locations is shown in Figure 
4.6.  The strongest and most frequent currents at ADCP 1 (Liffey) flow towards the southeast, 
which suggests that the Tolka has an impact on flow at this location. The asymmetry also 
suggests that something other than tide controls the currents in this location.  

Figure 4.7 shows the breakdown for the Liffey into total, tidal and residual components of the 
current speed and direction.  This confirms the concept that there is more than tide alone 
controlling the flows.  In addition, Figure 4.8 shows that there is a significant difference in speed 
between the near surface layers and the near seabed layers.  The changed distribution of the 
currents over the vertical is likely to be the results of a density stratification. Runoff from the 
rivers will be focussed near the surface, while the denser saline water in the sea penetrates 
along the bed. 

The currents at ADCP 3 (Clontarf) show more bi-directional flows which suggests a tidal 
influence on the flow regime within the Tolka Estuary (Figure 4.6).  The flow direction at ADCP3 
is also likely to be dictated by its location near a sharp (near 90 degree) corner of the Dublin 
Port as can be seen from Figure 4.4. 

In Dublin Bay, the measurements from ADCP 2 measurements suggest a net flow to the north 
for the period surveyed (Figure 4.6).  

Vertical profiles of the measured current speeds and directions are shown for the complex Liffey 
(ADCP 1) location in Figure 4.10.  

Noticeable in both current speed and current direction at ADCP 1 (Liffey) is the vertical 
variability (Figure 4.9 and Figure 4.10).  Higher current speeds are also seen to occur at the 
same time as strong wind speeds. For example, on the 23rd September 2015 and the 20th 
October 2015, strong westerly winds appear to lead to easterly flow at the surface.  This data 
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also shows that the pattern of current direction at the surface is one of dominant easterly flow 
with some reversals during easterly winds.  At depth the current direction is a more bi-
directional.  This is critical to the understanding of the overall circulation in the estuary.  

Figure 4.11 shows the variability between the surface measurements from the CTD dips and the 
near-surface ADCP1 (Liffey), which are in near proximity.  The current speeds are shown to be 
generally comparable between these two measurements.  Directions show less strong 
correlation, particularly during low tide periods.  Whilst the ADCP shows a large fluctuation in 
directions, the CTD maintains a dominant outward surface flow.  It is considered that this is likely 
to be related to the fine balance between the two driving mechanisms as well as the relative 
difference in the measuring devices.  

Of note in the snapshot presented in Figure 4.11, is that the large variability in the directions 
measured by the ADCP occur during the flood tide period.  During ebb tide, the ADCP 
measurements show a more invariant direction.  It is likely that this is caused by the rapid spatial 
variability in current directions and also the fine balance between the tidal forces at depth and 
the surface waters, which in addition to the tide have wind forcing, freshwater flow and the effect 
of maritime traffic.  

The water temperature near the seabed measured by the ADCP during the survey deployments 
is shown in Figure 4.12. 

Table 4.1 Location of seabed mounted acoustic profilers. 

Location Easting   
[m UTM30] 

Northing  
[m UTM30] 

Max depth 
[m] Survey Dates 

ADCP1 – Liffey 288425* 5915085* 8.5 23rd September – 27th October, 2015 

ADCP2 – Dublin 
Bay 291951 5915736 9.5 23rd September – 22nd October, 2015 

ADCP3 - Clontarf 287887 5915965 4.7 07th October – 22nd October, 2015  

*Estimated position provided by surveyors at completion of survey. 
Position provided by surveyors following deployment. 



  

28 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

 

Figure 4.4 Map showing location of seabed mounted acoustic profilers (orange markers) and CTD 
locations (blue markers) as described in Section 4.1.4 with selected channel marker buoys.  

 

 

Figure 4.5 Time series of depth-averaged current speed at ADCP 1 – Liffey (top panel), ADCP 2 – 
Dublin Bay (central panel), and ADCP 3 – Clontarf (lower panel).  
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Figure 4.6 Depth averaged current speed rose plot at ADCP 1 – Liffey (top, left), ADCP 2 – Dublin Bay 
(top, right), and ADCP 3 – Clontarf (bottom).  The sectors show the direction towards which 
the current is flowing.  
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Figure 4.7 Detailed split of depth averaged current speed rose plot at ADCP 1 – Liffey broken down into 
component parts – Residual (top left), Tide only (top right) and Total (bottom).  The sectors 
show the direction towards which the current is flowing.  

 

 

Figure 4.8 Near surface and near seabed current speed and direction at ADCP 1 – Liffey.  
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Figure 4.9 Measured current speed profiles at ADCP 1 – Liffey for the entire deployment. 

 

 

Figure 4.10 Profiles of current speed (top) and current direction (bottom) at ADCP 1 – Liffey. Note 
blanking of surface layer in measurements.  
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Figure 4.11 Comparison of ADCP 1 –Liffey with CTD measurement data for the surface layer at Liffey 
Downstream and Liffey Upstream CTD locations.  

 

 

 

Figure 4.12 Time series of seabed temperature at ADCP 1 – Liffey (top panel), ADCP 2 – Dublin Bay 
(central panel), and ADCP 3 – Clontarf (lower panel).  
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2013 survey of Dublin Port 
Data was provided from the Alexandra Basin redevelopment project from Dublin Port, via RPS 
see Ref. /7/.  This data point was located upstream of the Ringsend outfall as shown by position 
3 in Figure 4.13. 

The Dublin Port data was provided for layers through the water column, which were also 
processed to depth averaged values as per the 2015 survey data to enable comparisons. 

Figure 4.14 shows the distribution of current speed and direction for the near surface and near 
seabed layers for the Dublin Port ADCP.   

It was noticeable that the surface flow is more concentrated in an easterly direction than the 
2015 survey for ADCP 1 (Liffey) - even though they are separated by only a few hundred 
metres.  This suggests that the influence of the Tolka, on the flows in this lower part of the 
estuary and that the balance of flow is again in an easterly direction at the surface, is limiting 
surface flow into the Liffey.    

At the seabed, the flows are more balanced with respect to duration of flow in each direction, 
however ebb current speeds are higher than flood speeds.  

 

Figure 4.13  ADCP current measurement locations for the Dublin Port Alexandra Basin Redevelopment 
Project EIS.  Location 1 is the DHI ADCP1 at Burford Bank detailed in the following sections.  
Location 3 is located on the Lower Liffey, upstream of the Ringsend WwTP outfall. Location 
2 data was not made available to this project. 
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Figure 4.14 Bottom and surface current speed rose plot at RPS ADCP location from 2013.  The sectors 
show the direction towards which the current is flowing (current speed m/s).  

2010 survey of Burford Bank and Outer Dublin Bay 
DHI previously conducted current speed measurement campaigns in Outer Dublin Bay to 
support the calibration of numerical models for the Ringsend Long Sea Outfall project (Ref. /8/).  
This included the deployment of two bottom-mounted ADCP’s during April and May 2010.  One 
ADCP was deployed either side of Burford Bank, located at the outer limit of Dublin Bay (Figure 
4.15). 

Both stations were deployed for 30-days and recorded data that was judged to be of excellent 
quality.  Depth-averaged current speeds at both ADCP locations were available to the project 
team for the present study.  These data were used to validate the hydrodynamic model in the 
outer part of Dublin Bay.   
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Figure 4.15 Map of Dublin Bay showing location of two DHI ADCP’s deployed as part of the Ringsend 
Long Sea Outfall Study during April-May 2010 (after Ref. /8/). 

2009 vessel-mounted survey of Dublin Bay 
DHI performed a series of moving vessel ADCP surveys within Dublin Bay during the period of 
the 8th-10th of July 2009 (Ref. /9/).  Figure 4.16 shows the route of the individual tracks which 
included sections across the entrance to Dublin Port as well as locations further offshore over 
Burford Bank.  Depth-averaged current speeds were available from these surveys and were 
used to validate the hydrodynamic model in Dublin Bay. 

 

Figure 4.16 ADCP transect surveys routes in Dublin Bay recorded between the 8th and 10th July 2009. 
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4.1.4 Temperature and Salinity Data 

2015 CTD surveys of estuaries and Dublin Bay 
Measurements of Conductivity, Temperature and Depth (CTD) were performed at 6 locations 
within Dublin Bay and the Liffey and Tolka estuaries (see Ref. /6/).  The surveys were performed 
between the 19th and 23rd October 2015, coinciding with the deployment of the current profilers 
(see Section 4.1.3). 

Table 4.2 and Figure 4.26 show the location of the CTD survey stations. 

It is noted (see Ref. /6/) that no data were available for Dublin Bay North due to the onset of 
adverse weather conditions during the survey. 

At each location, conductivity (salinity) and temperature were recorded every hour during a 
complete semi-diurnal tidal cycle.  

Observations were recorded at three depths (near-surface, mid-water, and near-seabed).  
However, due to shallow water at the Upper Tolka location, only near-surface and near-seabed 
were available. 

The salinity observations for Liffey Upstream (US), Liffey Downstream (DS), Dublin Bay South 
and Tolka Bull Island are shown in Figure 4.18.  It was noted that some of the salinity 
observations in the Liffey DS site were lower than expected, with Practical Salinity Units (PSU) 
lower than 20.  This was especially true for observations near the seabed, where the influence 
of freshwater is not expected to be significant.  These observations were considered outliers and 
were treated with caution during the model calibration. 

The temperature observations for Liffey US, Liffey DS, Dublin Bay South and Tolka Bull Island 
are shown in Figure 4.19.  The recorded temperatures were lower than expected.  Comparing 
the data against the temperature recorded by the current profilers (Figure 4.12), the CTD 
temperatures were, on average, 3 ºC lower.  The source of this discrepancy is not known; 
however it is possible that the CTD reading were taken before stable temperature conditions 
could be achieved.  In the Aquafact report (Ref. /6/) it is noted that there were two outliers in the 
data for this location.  The temperature readings from the CTD were therefore excluded from the 
model calibration exercise. 

The data in Figure 4.18 and Figure 4.19 show that the Dublin Bay South and Liffey DS, and 
Tolka Bull Island locations are well mixed.  However, for the Liffey US site, there exists evidence 
of stratified flow with salinities at the surface lower than at the seabed due to the influence of 
freshwater. 
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Table 4.2 Location of CTD observation stations. 

Location Easting     [m UTM30] Northing   [m UTM30] Max depth [m] 

Liffey US 285400 5915550 5.7 

Liffey DS 287860 5915165 10.5 

Dublin Bay North 291830 5916570 - 

Dublin Bay South 290500 5914050 7.5 

Tolka Upper 286805 5916510 2 

Tolka Bull Island 288400 5915800 3.3 

 

 

Figure 4.17 Map showing location of CTD observation stations.  
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Figure 4.18 Salinity observations from CTD surveys in Dublin Bay and estuaries.  



Available Data  

 39 

 

Figure 4.19 Temperature observations from CTD surveys in Dublin Bay and estuaries.  
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4.2 Other Data Sources 

In addition to the main hydrodynamic and hydrology data, there was a requirement in the 
modelling for data on the variability of wind, air temperature, relative humidity and clearness on 
the model domain. These data were obtained from Dublin Airport. However, for the 2015 
calibration period these were provided from existing regional climate models. Examples of these 
data are shown below. 

4.2.1 Meteorology - Air Temperature, Relative Humidity and Clearness 
Spatially varying conditions were used for the modelling of air temperature, relative humidity and 
clearness. The spatial grid that this have been provided on is shown below in relation to the 
coastline and as time series. The data was provided from existing StormGeo regional climate 
models. Data was available at 3-hour timesteps for all model run periods.  

 

Figure 4.20 Example of meteorological data sets used in this study with the coastline of Ireland shown 
for reference.  
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4.2.2 Wind Data 
Wind data was available from a range of sources including the StormGeo model, Dublin Airport 
(measured) and the Dublin Bay Smart Buoy (measured). Both measured data sets provided 
sub-hourly data for the period of calibration. Smart Buoy data was not available for the periods 
pre- October 2013. The location of the data is shown below.  

 

Figure 4.21 Example of wind model data (gridded air pressure and vectors wind magnitude) and 
measurement locations applied across the domain (points) with the coastline of Ireland 
shown for reference.  
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4.3 Water Quality Monitoring 

Information on water quality monitoring was provided by Dublin City Council from their ongoing 
WFD monitoring regimes, at locations previously agreed with the Environmental Protection 
Agency (EPA). 

Discrete water quality sampling has historically been performed in the Liffey and Tolka estuaries 
and within Dublin Bay.  The frequency of this sampling varies, but are typical performed 4-6 
times per year, and more commonly in the bathing water season (June - August). 

These data were analysed to establish typical concentrations of pollutants over the baseline 
periods (2013 – 2015, inclusive).  The purpose of this assessment was twofold.   

1. To provide background loads/concentrations that enter the system via the rivers, streams, 
and canals; and 

2. The observed data were used to validate the concentrations predicted by the water quality 
model at various locations in the harbour and in Dublin Bay.  

4.3.1 Estuarine and Coastal Water Monitoring 
Figure 4.22 shows the locations of estuarine and coastal water monitoring sampling sites.  
Information from these surveys included the concentrations of Ammonia, Biochemical oxygen 
demand (BOD), dissolved inorganic nitrogen (DIN), and molybdate reactive phosphorus (MRP) 
in addition to water temperature and salinity.   

For the reported BOD information, there were many values that were equal to or below the lower 
limit of detection (LOD), typically 1 mg/L.  Where concentrations fell below the detection limit, 
nominal values of half the detection limit were used. 

 

Figure 4.22 Map of Dublin Harbour and Dublin Bay showing locations of water quality monitoring 
stations.  Blue dots show the monitoring points in the transitional waters.  Orange dots show 
the monitoring locations in coastal waters. 

MRP (transitional waters) 
Figure 4.23 shows the variation in MRP at the surface in transitional waters during summer 
(2013 – 2015).  This shows concentrations in the Liffey from DB010 to DB220 are fairly 
consistent with median values below 0.06 mg/L.  At point DB410, downstream of the Ringsend 
WwTP outfall (SW1), the concentration of MRP show somewhat larger variations and larger 
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median values of around 0.14 mg/L.  The concentrations at the entrance to Dublin Harbour, 
point DB420, shows that concentrations are reduced as the pollutant disperses and mixes 
downstream of the WwTP. 

In the Tolka Estuary, from DB300 – DB340, the concentrations of MRP are likely to be 
influenced by the dispersion from the WwTP and by riverine input from the Tolka.  As a result, 
MRP concentrations in the Tolka Estuary appear higher than those in the Liffey from this 
monitoring period. 

 

Figure 4.23 Concentration of MRP in the transitional waters (surface sample) during summer (2013 – 
2015).  Orange crosses shows the mean concentration and horizontal orange line shows the 
median concentration.  The blue box shows the range of the range of the 25-75% quantile 
and whiskers show the range of the 10-90% quantile. 
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BOD (transitional water body) 
Figure 4.24 shows the variation in BOD concentration in transitional waters during summer 
conditions (2013 – 2015).  The concentrations of BOD at DB310 and DB320 show a larger 
variation which is likely due to riverine input from the Tolka.  

 

Figure 4.24 Concentration of BOD in the transitional waters (surface sample) during summer (2013 – 
2015).  Orange crosses shows the mean concentration and horizontal orange line shows the 
median concentration.  The blue box shows the range of the range of the 25-75% quantile 
and whiskers show the range of the 10-90% quantile. 

DIN (coastal water body) 
Figure 4.25 shows the variation in DIN in the coastal waters of Dublin during summer from 2013 
– 2015.  The concentrations are consistent with median values generally lower than 0.05 mg/L.  
Median concentrations are larger at DB430, which is most likely due their proximity to the 
entrance of the harbour and hence plume emanating from the Liffey Estuary.  

 

Figure 4.25 Concentration of DIN in coastal waters (composite sample) during summer.  Orange crosses 
shows the mean concentration and horizontal orange line shows the median concentration.  
The blue box shows the range of the range of the 25-75% quantile and whiskers show the 
range of the 10-90% quantile. 
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4.3.2 E. coli (Rivers Monitoring) 
River water sampling data for concentrations of E. coli were also available for the period 2013 – 
2015.  Discrete water sampling was generally performed once a month during the year.  Figure 
4.26 shows the location of the available sampling data and Figure 4.27 shows the range in the 
returned data.   

E. coli concentrations were largest in the River Cammock and in the River Liffey at the location 
of the Cammock outfall near Heuston Station.  However, at the location on the Liffey further 
downstream (point 40457, Toll Bridge) the concentration of E. coli were lower, on average. 

E. coli concentrations were fairly consistent in the River Dodder, whereas the Tolka samples 
showed greater variability and larger mean concentrations.  There was also a fairly large 
average E. coli concentration from the Trimleston stream, which discharges directly into Dublin 
Bay to the South of the harbour.

 

Figure 4.26 Map of Dublin Harbour and Dublin Bay showing locations of river water monitoring stations 
for E. coli. 

 

Figure 4.27 Concentration of E. coli at river water sampling sites during summer.  Orange crosses shows 
the mean concentration and horizontal orange line shows the median concentration.  The 
blue box shows the range of the range of the 25-75% quantile and whiskers show the range 
of the 10-90% quantile. 
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4.3.3 E. coli (Bathing Water Monitoring) 
Coastal water sampling is performed to assess bathing water quality at 8 locations throughout 
the Dublin Bay (Figure 4.28) as part of the WFD Bathing Water assessment.  Discrete water 
sampling is typically performed at least once per week (and sometimes more frequently) during 
the summer bathing season (June – September). 

Information from the bathing water monitoring that is relevant to the present study is the 
concentration of Escherichia Coli (E. coli).  These data were analysed to establish typical 
concentrations over the baseline period (2013 – 2015).  Note that site ASW15 has been omitted 
from the analysis presented here, as this location near the Poolbeg outfall is not a designated 
bathing water site. 

There is a high degree of variability in the concentration of E. coli at each site during the bathing 
water season.  Figure 4.29 shows the range in these concentrations and that the mean value is 
often skewed.  The highest concentrations were found at ASW18 (Merrion Strand) on the 
Southern side of Dublin Bay.  It is thought that the high concentrations are due to discharge from 
a local water source discharging in the proximity of ASW18.  Relatively high concentrations of E. 
coli were also found at ASW14 (Bull Wall Wood Causeway).  This site is located within the 
harbour walls and is therefore more likely to be influenced by dispersion from the WwTP and 
riverine inputs. For all other sites, the median concentration of E. coli was less than 50 per 100 
millilitres (Figure 4.29). 

 

Figure 4.28 Map of Dublin Harbour and Dublin Bay showing locations of bathing water monitoring 
stations.  Note that ASW15 and ASW16 are located on opposite sides of the Poolbeg Wall, 
with ASW15 on the inside of Dublin Harbour, downstream of the Ringsend WwTP. 
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Figure 4.29 Concentration of E. coli at bathing water sites during summer.  Orange crosses shows the 
mean concentration and horizontal orange line shows the median concentration.  The blue 
box shows the range of the range of the 25-75% quantile and whiskers show the range of 
the 10-90% quantile. 

 

Figure 4.30 Map of Dublin Harbour and Dublin Bay showing median concentration of E. coli at bathing 
water sites during summer (2013 – 2015). 
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5 Hydrodynamic Model 

5.1 Methodology 

The observational data described in Section 0 shows that the hydrodynamics of the Lower Liffey 
Estuary, Tolka Estuary and Dublin Bay exhibit a distinct vertical structure, with the balance 
between freshwater flows, tidal energy and other meteorological forcing (principally wind) 
controlling the flow.  Of fundamental importance to creating a suitable representation of the 
hydrodynamic environment is to utilise a 3-dimensional model capable of calculating the 
buoyancy effects due to temperature and salinity stratification. 

DHI’s 3D model system MIKE 3 FM is applicable for analysing free-surface flow hydrodynamics 
and heat dispersion in coastal areas and seas.  The MIKE 3 FM flow model is a 3D model based 
on an unstructured flexible mesh and uses a finite volume solution technique.  The meshes are 
based on linear triangular and quadrangular elements.  This approach allows for a variation of 
the horizontal resolution of the model mesh within the model area to allow for a finer resolution 
of selected sub-areas (see Appendix A for further information).  

It was ensured that the computational mesh was sufficiently resolved in order that detailed 
geometries and complex flow patterns in the river and bay were appropriately captured.  For 
example, around the intake and outfall structures on the Lower Liffey the triangles that defined 
the computational grid had spatial length scales of only a few metres.   

The vertical model resolution was based on a discretisation in layers of varying thicknesses, 
known as sigma layers. The number of layers was invariant over the model area and 
independent of variations in water depth and water level.  The principle of resolving the vertical 
part of the computational model grid by using sigma layers can be understood by example in 
Figure 5.1.  The number of layers included in this study (8) was selected to adequately resolve 
the vertical gradients in temperature and salinity. 

A hydrodynamic and thermal model using MIKE 3 Flexible Mesh (FM), was first set up for the 
Lower Liffey Estuary during the “Dublin Waste to Energy” (WtE) project (Ref. /2/).  The 
geographical coverage of the model included the outer parts of the Lower Liffey Estuary, the 
Tolka Estuary and the Dublin Bay area to ensure a correct prediction of the circulation in the 
area.  The model was later extended north and south during the Dublin ocean outfall study to 
ensure correct oceanographic representation further offshore (Ref. /1/). 

The model constructed for these two previous studies formed the basis for the hydrodynamic 
model for the present investigation for the Ringsend WwTP.  The setup and calibration of the 
updated hydrodynamic and thermal model are described in the following sections.   

The model domain is first described (Section 5.2).  The model mesh and bathymetry were 
updated to reflect more detailed and up-to-date information gathered in recent years (Section 
5.3).  To ensure the hydrodynamic model accurately describes the important physical processes 
within the estuary and bay, a model calibration exercise was performed.  The boundaries and 
sources specified for the model calibration period were established (Section 5.4).  The model 
was then compared against observed data on water levels, current speed, temperature and 
salinity within (Section 5.5). 
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Figure 5.1 Example of schematisation of a 3D model mesh with 5 vertical sigma layers (note that the 
model developed in this study has 8 vertical layers). 

5.2 Model Domain 

The geographical coverage of the model included the study area of the Lower Liffey Estuary, the 
Tolka Estuary and Dublin Bay to ensure a correct prediction of the circulation in the area (Figure 
5.2).   

The offshore boundaries were positioned sufficiently far away from the from the study area to 
ensure that any boundary effects do not influence the model solution within the Bay.  The open 
boundary extended more than 20 km to the North, South, and East of Dublin Bay to ensure 
correct oceanographic representation further offshore.   

 

Figure 5.2 Geographical coverage of the Dublin model (pink outline), showing shaded bathymetric data 
of the Dublin Bay area. 
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5.3 Mesh and Bathymetry 

Bathymetric scatter data were available from several data sources, including: 

• EMODNet Bathymetry data for the Irish Sea; 
• Data from a survey that DHI conducted in 2005 (see Ref. /2/); 
• Lidar of part of the Tolka and particularly Bull Island (Source: OPW, 2012); 
• Soundings of the Clontarf Basin/Estuary (Source: OPW, 2012); 
• Charted soundings for the approach channel and basins (Dublin Port, August – September 

2015) 
• Soundings of the Liffey Estuary 2003.  This area was surveyed as part of Irish National 

Seabed Survey (rebranded INFOMAR); and 
• Soundings of the Dodder Estuary (2006). 

All bathymetry data were converted to a common vertical datum representing mean-sea-level 
(MSL), which is approximately 0.1m above Ordnance Datum (OD) Malin. 

The computational mesh was generated to provide adequate resolution within the rivers, 
estuaries and Dublin Bay.  It was ensured that the mixing zone around the Ringsend WwTP 
outfall was suitably resolved in order to capture the dispersion of the effluent into the estuary 
and its discharge into the Bay.  

Figure 5.3 to Figure 5.5 show the details of the hydrodynamic model mesh.  The minimum 
spatial resolution was 15 – 20 m in the area around the Ringsend WwTP outfall.  In the Liffey 
and Tolka estuaries, the resolution was typically 100m and within Dublin Bay, was set between 
200 – 400 m.  The mesh resolution increased with distance offshore up to a maximum value of 
around 3000 m at the offshore boundaries. 

The vertical model resolution was set such that 8 layers distributed equidistant across the water 
depth. 

The bathymetric scatter data was interpolated onto the computational mesh to create a single 
model bathymetry surface, vertically referenced to MSL (Figure 5.6). 
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Figure 5.3 Overview of the domain and horizontal mesh for the Ringsend hydrodynamic model. 

 

Figure 5.4 Details of the horizontal mesh for the Ringsend hydrodynamic model within Dublin Bay. 
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Figure 5.5 Details of the horizontal mesh for the Ringsend hydrodynamic model within Lower Liffey, 
Liffey Estuary, Tolka Estuary, and Bull Island. 

 

Figure 5.6 Model bathymetry interpolated onto computational mesh. 
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5.4 Model Setup 

The hydrodynamic model was set-up to include flooding and drying of inter-tidal areas, tidal 
forcing along the open boundary towards the Irish Sea and freshwater river run-off from the 
Rivers Cammock, Liffey, Tolka, Santry and Dodder. Table 5.1 below summarises the model set-
up that was used during the calibration runs.  Information on the boundary conditions, river 
discharges and outfall specifications are detailed in the below. 

Table 5.1 General settings for the hydrodynamic model calibration runs. 

Periods  
20th September 2015 – 24th October 2015 (Cal 1) 
01st April 2010 – 12th May 2010 (Cal 2) 
01st July 2009 – 11th July 2009 (Cal 3) 

Overall Time step 300 seconds 

Mesh, number of horizontal elements 11,474 

Number of vertical layer 8 

Horizontal turbulence Smagorinsky formulation 

Vertical turbulence k-epsilon formulation  

Bottom friction (bed roughness) 0.15m in the Estuary 
0.05m in Dublin Bay and offshore 

Horizontal diffusion factor 1  

Vertical diffusion factor 0.1 

5.4.1 Boundary Conditions 
Tidal forcing was applied along the offshore open boundaries of the hydrodynamic model.  The 
offshore boundary data were extracted from a regional model of the Irish Sea developed and 
maintained by DHI (Figure 5.7).  The regional tidal model was in turn driven by surface 
elevations from a global tidal model. 

The tidal data were specified as varying (spatially and temporally) along each of the open 
boundaries, thereby enabling the spatial variation in water surface elevation to be captured by 
the model. 
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Figure 5.7 Domain of the regional model hydrodynamic model.  

5.4.2 Meteorological Conditions 
As the 3D model interacts with the atmosphere through heat exchange there was a requirement 
to include atmospheric temperature effects for the calibration period.  The atmospheric 
conditions were determined using data from a 5-year meteorological model (2010 – 2015) for 
the periods of calibration as mentioned in Section 4.2 Other Data Sources. 
  
Wind data was initially excluded from the calibration model as it had previously been considered 
insignificant in the overall calibration from previous studies in Dublin Estuary. 

5.4.3 Vertical Mixing 
The vertical mixing processes are affecting how fast freshwater runoff from the catchments and 
the discharge from the Ringsend WwTP are being mixed with and diluted into the saline water 
from Dublin Bay. In the model a vertical dispersion factor of 0.1 is applied for the mixing of salt. 
The value of 0.1 is, by experience and as stated in the MIKE Manual, a value that has been 
used with success for other estuary studies. However, the vertical mixing and exchange of non-
saline and saline water can be weakened by applying a lower dispersion factor than 0.1. This 
factor is therefore just as important as the volume of non-saline water being discharged into the 
estuary. 

5.4.4 Bottom Friction (Bed Roughness) 
As noted in the initial model setup, bed roughness was varied from 0.05 m to 0.15 m in blocks 
around the domain following some initial sensitivity checks during the calibration process. 
Variation was undertaken to represent the relatively deep dredged channel compared to the 
shallow intertidal flats of the Tolka Estuary.  
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5.4.5 River Discharge 
The locations of the river sources that were input into the hydrodynamic model are shown in 
Figure 5.8.  The River Liffey and River Cammock discharges into the Upper Liffey Estuary. The 
River Dodder, Grand Canal, and Royal Canal all flow into the Lower Liffey Estuary.  The flow 
from the River Tolka enters at the head of the Tolka Estuary.  Finally, the River Santry enters 
the model domain behind Bull Island. 

Gauged river daily flow rates during the calibration period were available from the EPA Hydronet 
data-portal for the River Cammock, Dodder, Slang and Tolka (Figure 5.9 to Figure 5.11).  Note 
that as River Slang is a tributary of the River Dodder, both of which are gauged upstream of 
their confluence.  The flow rate in Figure 5.11 is therefore calculated as the sum of the flow in 
those two rivers. 

For the River Liffey, mean daily flow rates were provided for the ESB at Leixlip.  It was noted 
that during the calibration period the data for the Liffey were sparse and may contain missing or 
constrained data.  The River Liffey is a major river and the gauge at Leixlip was located some 
distance upstream of the location at which it entered the hydrodynamic model domain (at 
Islandbridge Weir).  It was therefore decided to scale the gauged flow rate for the Liffey to 
account for additional run-off into the river between the gauging station and the receiving water.   

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝑆𝑆 =  𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿 ×
𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐼𝐼𝐼𝐼𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝐿𝐿𝑆𝑆𝐼𝐼𝐿𝐿

𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿
 

ALiffey,Islandbridge and ALiffey,Leixlip were the catchment area of the Liffey at Islandbridge Weir and 
Leixlip Power Station, respectively. These values were taken from the Eastern CFRAM Study 
Hydrology Report (Ref. /10/) which gave a scale factor of 1.132.  Finally, the contributions from 
two tributaries, the River Rye (as gauged at Leixlip) and the River Grifeen (as gauged at Lucan) 
were also included.   

Figure 5.12 shows the final time-series for the daily mean River Liffey flow rate during the model 
calibration period.  The flow rates in the Liffey were, on average, larger than other rivers in the 
model.  However, the coarser temporal resolution means that short-duration events (such as the 
high flow that occurred 5th of October 2015) are not fully captured.  

A comparison was therefore made with other studies in the area (e.g. Ref. /7/) which suggested 
values as shown in Table 5.2.  It is considered that river inflow (both in terms of quantity and 
time variability) to the model domain remains an area where consensus between studies has not 
been reached.  

The final selection of river discharge rates for the calibration period are shown in Table 5.3.  
Note that the rates for the Royal Canal and Grand Canal are estimated values as no detail on 
the operation of the gates was available to this project. 
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Figure 5.8  Location of rivers and outfalls specified for hydrodynamic model at calibration stage. 

 

Figure 5.9 Time-series of gauged flow rate for the River Cammock during the hydrodynamic model 
calibration period (23 Sept. – 23 Oct. 2015). 

 

Figure 5.10 Time-series of gauged flow rate for the River Tolka during the hydrodynamic model 
calibration period (23 Sept. – 23 Oct. 2015). 
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Figure 5.11 Time-series of gauged flow rate for the combined River Dodder and Slang during the 
hydrodynamic model calibration period (23 Sept. – 23 Oct. 2015). 

 

Figure 5.12 Time-series of gauged flow rate for the River Liffey during the hydrodynamic model 
calibration period (23 Sept. – 23 Oct. 2015). 

Table 5.2 Discharge rates for main rivers from other studies (Ref. /7/). 

River Mean annual flow rate 
Qav [m3/s]  

Mean winter flow rate 
Qav,winter [m3/s] 

Liffey 15.6 25.0 

Cammock 2.3 2.6 

Dodder 1.4 1.6 
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Table 5.3 Discharge rates specified for main rivers in calibration model setup. 

River Flow rate, Q [m3/s] 
Temperature 
[ºC] 

Salinity 
[PSU] 

Liffey Figure 5.12 15 0 

Cammock Figure 5.9 15 0 

Dodder + Slang Figure 5.11 15 0 

Tolka Figure 5.10 15 0 

Santry 0.2 15 0 

Royal Canal 0.1 15 0 

Grand Canal 0.1 15 0 

5.4.6 Outfalls 
The locations of the inlets and outfalls on the Lower Liffey Estuary that were specified in the 
hydrodynamic model are shown in Figure 5.8. 

It should be noted that in the calibration runs, there was no allowance for freshwater input to the 
system from the city drainage.  

Synergen Power Station 
The Synergen Power Station is a combined cycle gas generating plant located on the south side 
of the River Liffey.  The plant extracts cooling water from the Lower Liffey and discharges this 
water via a channel back into the estuary approximately 1 kilometre upstream of the Ringsend 
WwTP. 

Figure 5.13 shows the measured hourly discharge and temperature of water from the Synergen 
outfall during the model calibration period.  These data were specified in the 3-dimensional 
hydrodynamic and thermal model for the Synergen Outfall location.  For maintenance of 
continuity, the discharge at the Synergen intake was set to the same volume flux, but with 
opposite sign (i.e. negative discharge). 
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Figure 5.13 Time-series of discharge (upper panel) and temperature (lower panel) of Synergen Power 
Station outfall during model calibration period. 

Ringsend WwTP 
The Ringsend WwTP outfall is located on the south side of the River Liffey, adjacent to the 
South Bull Wall.  There are two outfall locations for the Ringsend WwTP: 

• SW1, Primary Wastewater Discharge on the Lower Liffey and within the ESB Poolbeg 
Cooling water Channel. 

• SW2, Storm Water Overflow Discharge, located approximately 500m upstream of SW1 on 
the Lower Liffey Estuary.   

It was assumed during the calibration period that only the primary wastewater discharge point 
(SW1) was active. 

Figure 5.14 shows the measured daily mean discharge and temperature for the primary 
discharge point SW1 during the model calibration period.  These data were specified in the 3-
dimensional hydrodynamic and thermal model for the Ringsend WwTP outfall. 
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Figure 5.14 Time-series of discharge (upper panel) and temperature (lower panel) at primary Ringsend 
WwTP outfall during model calibration period.  

  



  

62 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

5.4.7 Structures 

North Bull Wall 
The North Bull Wall is a 3-km long breakwater that separates the Tolka Estuary from Dublin 
Bay.  From the evidence of satellite imagery and local knowledge, it is understood that the outer 
section of the North Bull Wall (approximately 1 km) is submerged during certain stages of the 
tide (Figure 5.15).  Navigational charts indicate that wall is covered by 0.6 to 2.7m at high-water 
along its length. 

To account for the fact that the outer part of the North Bull Wall is semi-submerged and 
consequently its influence on the circulation within the harbour is dependent on the stage of the 
tide, this structure was specified in the hydrodynamic model as a dike (see Figure 5.16).  The 
dike acts as a physical barrier between Dublin Bay and the harbour when the water level is 
below the specified height of the dike.  When water levels exceed the height of the dike, water 
discharges over the structure according to the pressure gradient (upstream to downstream 
water levels). 

In the hydrodynamic model, the height of the dike representing the North Bull Wall varies linearly 
from 1m above mean-sea-level at the northern end to -1.1m below mean-sea-level at the 
southern end (Figure 5.15). 

 

Figure 5.15 Aerial image of Dublin Harbour highlighting the semi-submerged section of the North Bull 
Wall (image Courtesy of Google Earth). 

 

Figure 5.16 Schematisation of a dike structure as applied for the North Bull Wall in the hydrodynamic 
model. 
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ESB Cooling Water Channel 
The effluent from the Ringsend WwTP primary discharge (SW1) flows into the outer part of the 
ESB Poolbeg Power Station cooling water channel and then into the Lower Liffey Estuary via a 
weir. 

Figure 5.17 shows an annotated aerial satellite image of the channel and the weir.  The treated 
effluent discharges into the channel at position Point 1.  The weir is located at position Point 2 
and faces downstream of the WwTP and towards Dublin Bay.  The water in the channel will flow 
over the weir when the water level in the Liffey Estuary is lower than the height of the weir.  It 
was thus assumed that the weir was originally designed to discharge the treated effluent into the 
Liffey primarily during ebb tide (i.e. out-going tide). 

However, it was evident from Figure 5.17 that water enters the Lower Liffey along the back 
section of the weir (at positions Point 3 and Point 4).  This was confirmed by visual inspection 
during a site visit during August 2016.  At low water, it was observed that the sheet piles that 
form the outer walls of the channel between Point 3 and Point 4 were either heavily corroded or 
missing entirely (lower panel of Figure 5.18).  As a result, water was discharging into the Lower 
Liffey primarily via these two flow routes during low tide.  During high tide, the water level in the 
Lower Liffey is higher than both the weir and the level of the damaged sheet piles, allowing the 
discharged water to mix (Figure 5.19). 

To take this into account, the weir was included in the hydrodynamic model as four sections as 
described in Figure 5.20 and Table 5.4.  Along the existing weir (Section D), the crest level was 
set to 0 m relative to mean-sea-level, meaning that the water will flow out only when the tide falls 
below this level. 

Sections C and B were set to be flowing out at most stages of the tide, with levels of -1mMSL, 
signifying the flow paths at locations Point 3 and Point 4. No specific elevation information was 
available for the remaining pile line at Section A so a nominal level of 1 mMSL was selected to 
represent the highly corroded nature of this line of wall. 

 

Figure 5.17 Aerial image of Ringsend WwTP outfall SW1 (Courtesy of Google Earth). 

 

Pt 1 

Pt 3 

Pt 4 
Pt 2 
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Figure 5.18 Photographs of the Ringsend WwTP outfall location during low tide on 2nd of August 2016.  
Top image shows the weir and walkway (section D of Figure 5.17).  Lower image shows 
broken and damaged sheet piles along the back section of the existing weir (Section B and 
C of Figure 5.17). 

 

 

Figure 5.19 Photographs of the Ringsend WwTP outfall location during high tide on 3rd of August 2016.  
Top image shows the weir and walkway (section D of Figure 5.17).  Lower image shows 
water flowing into the Lower Liffey over the damaged sheet piles along the back section of 
the existing weir (Section B and C of Figure 5.17). 
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Table 5.4 Crest levels of Ringsend Weir sections specified in the hydrodynamic model. 

Weir Section  Weir Crest Level [mMSL]  

Section A 1 

Section B -1 

Section C -1 

Section D 0 

 

 

Figure 5.20 Weir sections as specified in the hydrodynamic model.  
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5.5 Model Results and Calibration 

Calibration of the hydrodynamic model was performed based on time-series comparison 
between observed and modelled conditions.  Further, a quantitative assessment of model 
performance was undertaken for specific parameters using the guidelines as specified in the 
UKFWR Framework for Marine and Estuarine Model Specification (Ref. /11/) combined with a 
more qualitative assessment of the results. 

5.5.1 Waters Levels 
Figure 5.21 shows a comparison of observed and modelled tidal surface elevations at the Dublin 
Port Tide Gauge and Ringsend Tide Gauge. 

Figure 5.22 shows a comparison of observed and modelled surface elevation against the ADCP 
pressure sensor data (converted to water depth) from the surveys in the estuary and Dublin Bay 
during September and October 2015. 

The model captured the timing and variation in observed water levels within the estuary over the 
spring-neap and semi-diurnal tidal cycle.  However, it was notable that the model tidal range 
was lower than the observed tidal range. 

For estuarine waters, the guidelines for water level validation as specified by the UKFWR (Ref. 
/11/) state that the following should be achieved during at least 90% of the period considered: 

• Levels to within ±0.3m; and 
• Timing of high water to within ±25 minutes. 

Table 5.5 shows the validation statistics for water levels for the tide gauge locations at Dublin 
Port and Ringsend.  The above criteria for timing of high water was found to be achieved for 4 of 
5 locations.  For water levels the UKFWR criteria was achieved for 2 of 5 locations. 

Table 5.5 Model validation statistics for water levels. 

Station Mean absolute 
water level error [m] 

Water levels ±0.3m 
[% of time] 

Timing of high water ±25 
minutes [% of time] 

Dublin Port Tide Gauge 0.2 84 100 

Ringsend Tide gauge 0.2 78 100 

ADCP 1 – Liffey 0.2 92 100 

ADCP 2 – Dublin Bay 0.1 94 100 

ADCP 3 – Clontarf 0.2 79 86 
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Figure 5.21 Comparison of observed (orange) and modelled (blue dashed line) tidal elevations at Dublin 
Port Tide Gauge (upper panel) and the Ringsend Tide Gauge (lower panel). 
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Figure 5.22 Comparison of observed (orange) and modelled (blue dashed line) tidal elevations at ADCP1 
(upper panel), ADCP2 (central panel) and ADCP3 (lower panel) during model calibration 
period. 
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5.5.2 Currents 
The calibration of currents in the model domain was performed using all available current speed 
observations from within Dublin Bay and its estuaries. 

Dublin Bay 
The general distribution of current speeds during peak flood tide (c. 3.5 hours before HW Dublin) 
and peak ebb tide (c. 4 hours after HW Dublin) within Dublin Bay are shown in Figure 5.23. 

The flood tidal currents flow from south-to-north in Dublin Bay.  The ebb tidal currents flow from 
north-to-south.  The fastest currents speeds during both flood and ebb tide were found to occur 
around Howth Head and over the relatively shallow waters of Burford Bank at the eastern limit of 
Dublin Bay.  Within the Bay itself, current speeds decrease from offshore-to-nearshore (i.e. as 
the water depth decrease).  During both peak flood flow and peak ebb flow current speeds 
within the Bay were typically between 0.1 – 0.3 m/s. 

Figure 5.24 and Figure 5.25 show a time-series comparison between observed and modelled 
current speed and current directions for two DHI ADCPs in Dublin Bay during 2010.  In addition, 
further comparison with the 2015 data collection exercise in the bay has been provided in Figure 
5.26 and Figure 5.27.  

From these plots the hydrodynamic model provides an excellent description of the current speed 
and direction in Dublin Bay.  In the inner 2015 survey, the data is excellent for speeds but has 
lower correlation for directions.  

An additional validation of the hydrodynamic model within Dublin Bay was performed using data 
from a moving vessel ADCP survey performed by DHI in 2009.  Comparison were performed by 
finding the model current speed in the cell and time-step matching the instantaneous 
observations from 7 vessel tracks (see Figure 4.16).  All results are based on depth-averaged 
values. 

Figure 5.28 and Figure 5.29 show resulting comparison between of observed and modelled 
current velocity vectors.  The results show that the hydrodynamic model provides a very good 
replication of the spatial variability in current speed and direction throughout Dublin Bay; from 
the entrance to the harbour to beyond Howth Head. 
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Figure 5.23 Depth-averaged current speeds in Dublin Bay for a near-spring flood tide (upper panel) and 
near-spring ebb tide (lower panel).  Vectors show the direction that the current is flowing 
towards. Red markers show the location of two DHI ADCPs deployed in 2010.  
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Figure 5.24 Time-series comparison of modelled and observed depth-averaged current speed (upper 
panel) and depth-averaged current direction (lower panel) for DHI ADCP1 in outer Dublin 
Bay. 
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Figure 5.25 Time-series comparison of modelled and observed depth-averaged current speed (upper 
panel) and depth-averaged current direction (lower panel) for DHI ADCP2 at Burford Bank. 
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Figure 5.26 Time-series comparison of observed (orange) and modelled (blue) current speed for ADCP2 
– Dublin Bay at near-surface (upper panel), mid-water (central panel) and near-seabed 
(lower panel). 
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Figure 5.27 Time-series comparison of observed (orange) and modelled (blue) current direction for 
ADCP2 – Dublin Bay at near-surface (upper panel), mid-water (central panel) and near-
seabed (lower panel). 
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Figure 5.28 Comparison of observed (orange) and modelled (purple) current velocity vectors within Dublin Bay for (clockwise from top-left) Track 1, Track 2, 
Track 3 and Track 4. 
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Figure 5.29 Comparison of observed (orange) and modelled (purple) current velocity vectors within Dublin Bay for (clockwise from top-left) Track 5, Track 6, 
and Track 7. 
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Dublin Port and Estuaries 
The general distribution of current speeds during peak flood tide (c. 3.5 hours before HW Dublin) 
and peak ebb tide (c. 4 hours after HW Dublin) within the Outer Liffey and Tolka estuaries are 
shown in Figure 5.30. 

Within the estuary, the fastest current speeds during peak flood flow were located through the 
harbour entrance and within the harbour approach channel.  Localised areas of high current 
speeds are also identified in the Tolka Estuary around Dublin Port.  During peak ebb flow, 
current speeds exceeded 0.5 m/s over a large section of the Tolka Estuary and Lower Liffey 
Estuary including the area adjacent to the South Bull Wall.  Constrained by the outer harbour 
walls, this forms a ‘jet’ of water that discharges into Dublin Bay. 

Figure 5.31 to Figure 5.36 show time-series comparisons of observed and modelled near-
surface current speed and current direction at ADCP locations within the estuary (see section 
4.1.3).  The hydrodynamic model successfully captured the variations in current speed over the 
spring-neap and semi-diurnal tidal cycles.  The model provided an excellent replication of the 
observed current speeds at each of the ADCP locations.   

Current directions when compared to the measured data were seen to be less consistent.  The 
directional measurement data for ADCP1 (Liffey) were seen to be “noisy” with a rapid temporal 
variation likely to be caused by its location on the edge of the deep channel in a location prone 
to eddies.  Similarly, at other sites the directions are less well represented.  

Further investigation of this discrepancy highlighted that the tidal component was well 
represented, however the residual (or non-tidal) signals were less well predicted.  It was noted 
that this was particularly true for the ADCP 1 (Liffey) and ADCP 3 (Clontarf Basin). 

Further investigation of the measured data has noted a discrepancy in the current directions. For 
example, at ADCP 1, the current rose shown in Figure 4.6 illustrates current directions with a 
more NW-SE dominant axis (going towards). The CTD measurement studies (Ref. /6/) noted 
that near this location the currents should be aligned more with the east-to-west direction than 
shown in the ADCP results.  In addition, it would be expected that even with the influence of the 
Tolka the currents at ADCP 1 should be more aligned with the predominant axis of the approach 
channel. 

Figure 5.35 shows a comparison of the measured (ADCP and CTD) and model results for the 
location around ADCP 1 (Liffey).  The model shows a very thin surface layer, with significant 
differences in current direction from near surface (layer 7, red line in Figure 5.35) and surface 
(layer 8, pink line in Figure 5.35).  Similar discrepancies are seen between the CTD 
measurements (considered to be representative of the surface) and the ADCP (considered to be 
representative of near surface due to the side-lobe interference). 

For ADCP 3, in the Tolka, there appears to be a consistent 45-degree bias in the directions 
compared to the model.  These are likely due to the rapid spatial variability of directions in this 
very shallow location. Consequently, it is considered that directions from the measured 2015 
ADCP’s should be treated with caution when comparing to the model. 

Based on this uncertainty, additional data from previous surveys in 2013 for the Alexandra Basin 
Redevelopment have also been incorporated. This is shown in Figure 5.36 and Figure 5.37, for 
current speed and direction respectively, and confirms the model validity within the estuary 
when compared to measurements.  
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Figure 5.30 Depth-averaged current speeds in the Tolka Estuary and Dublin Port for a near-spring flood 
tide (upper panel) and near-spring ebb tide (lower panel).  Vectors show the direction that 
the current is flowing towards. 
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Figure 5.31 Time-series comparison of observed (orange) and modelled (blue) current speed for ADCP1 
– Liffey at near-surface (upper panel), mid-water (central panel) and near-seabed (lower 
panel). 
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Figure 5.32 Time-series comparison of observed (orange) and modelled (blue) current direction for 
ADCP1 – Liffey at near-surface (upper panel), mid-water (central panel) and near-seabed 
(lower panel). 
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Figure 5.33 Time-series comparison of observed (orange) and modelled (blue) current speed for ADCP3 
– Clontarf at near-surface (upper panel), mid-water (central panel) and near-seabed (lower 
panel). 
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Figure 5.34 Time-series comparison of observed (orange) and modelled (blue) current direction for 
ADCP3 – Clontarf at near-surface (upper panel), mid-water (central panel) and near-seabed 
(lower panel). 
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Figure 5.35 Comparison of directions from the measured ADCP (fine blue), measured CTD (blue dots) 
and the modelled surface (purple) and near surface (red). Also shown are current speed and 
tidal elevation.  
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Figure 5.36 Time-series comparison of observed (orange) and modelled (blue) current speed for 2013 
Dublin Port site at near-surface (upper panel), mid-water (central panel) and near-seabed 
(lower panel). 
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Figure 5.37 Time-series comparison of observed (orange) and modelled (blue) current direction for 2013 
Dublin Port site at near-surface (upper panel), mid-water (central panel) and near-seabed 
(lower panel). 
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5.5.3 Temperature 
As described in section 4.1.3, information on water temperature were available from sensors on 
the three ADCP’s deployed within the Lower Liffey and Tolka estuaries during September and 
October 2015.  The ADCP were bottom-mounted thus the available data represent the water 
temperature near the seabed. 

A comparison of observed and modelled near-seabed water temperatures are shown in Figure 
5.38.  The hydrodynamic model provided an excellent replication of the observed temperatures 
and captures the variation in temperature that occur over the tidal cycle with very good 
accuracy. 

There are no criteria for success in validation of water temperature within estuarine waters 
specified in the UKFWR guidelines (Ref. /11/). The guidelines do state, however that the 
following should be achieved within coastal waters: 

• Temperature to within 0.5 ºC. 

Table 5.6 shows the validation statistics for near seabed water temperatures at the three ADCP 
locations within the estuary.  The above criteria for water temperature validation was found to be 
achieved for over 90% of the available period within Dublin Bay.  This result gives confidence in 
the hydrodynamic model’s ability to replicate the variation in water temperature in the coastal 
areas.   

Within the estuary the water temperature achieved the coastal criteria for 75% of the time at 
ADCP1 and 88% of the time at ADCP2.  Considering the fact that validation criteria for coastal 
waters are typically stricter than for estuarine waters, this gives confidence in the model’s 
representation of water temperature within the estuary. 

Table 5.6 Model validation statistics for near seabed water temperature at three ADCP locations. 

Station 
Mean absolute error 
[ºC] 

Water temperature 
±0.5ºC [% of time] 

ADCP1 – Liffey 0.3 75 

ADCP 2 – Dublin Bay 0.3 90 

ADCP 3 - Clontarf 0.3 88 
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Figure 5.38 Comparison of observed (orange) and modelled (blue) near seabed temperature at location 
of three ADCP locations during September – October 2015. 
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5.5.4 Salinity 
For estuarine waters, the guidelines for salinity validation by the UKFWR (Ref. /11/) state that 
the following criteria should be achieved:  

• Salinity ±1 PSU at the mouth and head; or 
• Salinity ±5 PSU or more in regions of rapid change. 

For Dublin Bay South, Figure 5.39 shows that the hydrodynamic model captures the observed 
salinity profile with very good accuracy.  At this location, there is an absence of clear vertical 
density stratification and salinities are constant.  The model salinities at the surface, mid-layer 
and seabed are within 1 PSU of the observed values, thus satisfying the UKFWR criteria. 

For the CTD locations within the Liffey Estuary and Tolka Estuary, the salinity can change 
rapidly due to freshwater input from the rivers and outfalls and the influence of the tide. 
Notwithstanding the outlying values for the Liffey Downstream (as previously discussed in 
section 4.1.4) the modelled salinities are typically within 4-5 PSU of the observed values.  This 
was considered a good level of agreement within these complex estuarine waters.  It was noted 
that the surface salinities show better agreement than the salinities near the seabed, for which 
the modelled values tended to be slightly overestimated.   

 

Figure 5.39 Comparison of observed (circles) and modelled (dashed lines) salinity for Dublin Bay South. 
Results are shown for three depths through the water column, surface waters (blue), middle 
(orange) and seabed (purple).  

 

Figure 5.40 Comparison of observed (circles) and modelled (dashed lines) salinity for Liffey 
Downstream. Results are shown for three depths through the water column, surface waters 
(blue), middle (orange) and seabed (purple).  



Hydrodynamic Model  

 89 

 

Figure 5.41 Comparison of observed (circles) and modelled (dashed lines) salinity for Liffey Upstream. 
Results are shown for three depths through the water column, surface waters (blue), middle 
(orange) and seabed (purple).  

 

Figure 5.42 Comparison of observed (circles) and modelled (dashed lines) salinity for Tolka Bull Island. 
Results are shown for three depths through the water column, surface waters (blue), middle 
(orange) and seabed (purple).  

 

Figure 5.43 Comparison of observed (circles) and modelled (dashed lines) salinity for Tolka Upstream. 
Results are shown for three depths through the water column, surface waters (blue), middle 
(orange) and seabed (purple).  
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5.6 Discussion of Model Calibration 

The purpose of the model calibration is to use observed data, that represent the hydrodynamic 
characteristics of the area being modelled, and to adjust the model parameters considered 
critical for capturing the physical processes of interest.  It should be considered that numerical 
models are a parameterisation of the driving physical processes and, therefore, the principal 
concern is whether these parameters are suitably selected for the application.  

Overall, the calibration discussed and achieved in Section 5.5 is acceptable for the purposes of 
comparing the proposed Ringsend WwTP with the existing situation.  It was noted that given the 
complex estuarine processes and the fine balance in these processes, seen from both the 
collected data and the modelling, that further tasks were required to assess the overall 
sensitivity of the approach, particularly for direction within the estuary  

This section describes and discusses the activities performed during the model sensitivity check 
and also summarises the dynamics seen in the Liffey and Tolka estuaries.  Specifically, the 
following are addressed: 

1. Assess the uncertainties in model inputs, parameters and data used. 
2. Conduct a sensitivity assessment of current speeds to factors such as freshwater flow rate 

and wind. 

As discussed in Section 5.5, calibration of the hydrodynamic model was performed based on 
time-series comparisons between observed and modelled conditions.  
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5.6.1 Consideration of Uncertainties in Input Parameters 

5.6.1.1 Ringsend WwTP Outfall 
During initial review of the model approach, it was noted that uniform temperature for the 
effluent discharged from the Ringsend WwTP was likely to be unrepresentative.  Following 
provision of further information on the effluent water temperature discharged from the existing 
Ringsend WwTP (daily average temperature and flows rates for the existing Ringsend WwTP 
outfall for the period January 2014 – September 2016), the MIKE 3 hydrodynamic model was 
updated to include these observed flow rates and effluent temperature data. It should be noted 
that temperature variations have a smaller impact on fluid density than variations in salinity, i.e. 
that the temperature fluctuations will have a limited impact on the vertical mixing. 

Figure 5.44 shows a time-series of daily mean discharge and effluent temperature for the full 
measurement period and Figure 5.45 shows the flow and temperature data used in the 
calibration period and described further in Section 5.4.6. 

 

Figure 5.44       Ringsend WwTP daily mean flow rate (upper panel) and effluent temperature (lower panel) 
for January 2014 – September 2016. 

 

Figure 5.45       Ringsend WwTP daily mean flow rate (upper panel) and effluent temperature (lower panel) 
for model calibration period (September – October 2015). 
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5.6.1.2 River Inputs 

Flow Rates 
Further consideration of the fluvial inputs to the hydrodynamic model was undertaken to assess 
the relative importance.  It was noted in review that a tributary of the River Slang (a tributary of 
the River Dodder) was not included and hence the Dodder appeared to have a low flow rate. 

The reason for the low flow rate for the river Dodder event was that originally daily mean 
discharges were used as input to the hydrodynamic model.  Where available, river flow rates 
with a higher temporal resolution of 15-minute flow rate data were obtained from EPA hydronet 
data portal (http://www.epa.ie/hydronet/#Flow).  These were available for the following rivers: 

• River Dodder at Waldrons Bridge; 
• River Slang at Frankfort 
• River Tolka at Botanic Gardens 
• River Santry at Cadbury’s 
• River Cammock at Killeen Road 

Figure 5.9 to Figure 5.12 shows the updated river flow rates used in the final model calibration 
period (September – October 2015).  No data was available for the Santry during the calibration 
period so the long-term average flow rate of 0.2 m3/s was used.  

As the River Slang flows into the River Dodder upstream of the source of the River Dodder in 
the hydrodynamic model, the combined Dodder and Slang flow were used. 

Although gauged flow data was available for the River Liffey during the calibration period (from 
the ESB plant at Leixlip) these data were regarded as insufficient for the study due to their 
distance from the estuary.  Furthermore, no Liffey flow data were available for the summer storm 
period.  Published information from other studies was used to quantify the input.  In addition, the 
large urban area of Dublin discharges through Storm Water Overflows (SWO’s) into the estuary. 
This information was not available from any quantifiable source for the calibration period.  

As stated in Section 5.4.5, freshwater inputs (both in terms of quantity and time variability) 
remain an uncertainty in the hydrodynamic model.  A sensitivity assessment was therefore 
performed to investigate the effects of varying the flow rate in the River Liffey (Section 5.6.2). 

Temperatures 
In the initial stages of the model calibration uniform water temperatures were applied for the 
rivers during the calibration period. Following this, further consideration was given to this 
assumption.  It was noted however that no sufficiently detailed (in time and space) data was 
available during the model calibration period for all locations.  Therefore, the fixed values were 
retained. This is considered suitable as it is unlikely that a small diurnal variation in river 
temperature will affect the overall density distribution in the entire Lower Liffey Estuary and 
particularly in the area around the Ringsend WwTP.  The final figures used for temperature can 
be seen in Table 6.3 

5.6.1.3 Wind Conditions 
The hydrodynamic conditions, particularly near surface current speed and current direction are 
often strongly dependent on the local wind conditions (speed and direction).  This was shown 
from the measurement data where total reversals in the current direction could be seen to occur 
during stronger winds. Typically, in areas where the tidal currents are small, the wind can be the 
dominant force for surface currents. 

The model sensitivity to wind conditions was assessed by including wind forcing in the 
hydrodynamic model.  The wind input was taken from the Dublin Bay Smart Buoy (see Figure 
5.46 below for the variation during the period). 

http://www.epa.ie/hydronet/#Flow
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Figure 5.46       Dublin Bay Smart buoy wind conditions during model calibration period (September – 
October 2015). 

5.6.2 Sensitivity Assessment 
A model exercise was performed to test the sensitivity of the hydrodynamics (current speed and 
current direction) to: 

• Varying freshwater flows in the river Liffey; and 
• The effects of wind on surface flows 

Flow Rate in the River Liffey 
In the calibration model, the flow rate in the River Liffey was set at 15 m3/s.  This value was in 
line with previous studies in the area (e.g. the Alexandra Basin Redevelopment EIS).  However, 
it has been acknowledged that the Liffey flow rate was an area of uncertainty in the 
hydrodynamic model. 

The hydrodynamic model was therefore run for three different Liffey flow rates: 

• Low flow: 7.5 m3/s 
• Medium flow: 15 m3/s 
• High flow: 30 m3/s 

Figure 5.47 compares the resulting current speed and current direction at the location of the 
ADCP1 (Liffey) at mid water column.  The current speed and current directions showed 
sensitivity to the Liffey flow rate at this location, particularly with respect to current direction. This 
supports the assumption that knowing the input of freshwater into the system is critical to the 
final distribution of fresh and salt water at any given moment.  Additionally, uncertainty over the 
outflow from the numerous drains and storm water systems within the city, which could provide 
additional freshwater input was considered unquantifiable in the calibration stage. The strength 
of the vertical mixing of freshwater with the saline water also has a significant impact on the 
current speed and directions and remains a calibration parameter.  
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Figure 5.47       Sensitivity of ADCP 1 – Modelled Liffey current speed (upper panel) and current direction 
(lower panel) to the freshwater flow from the River Liffey. 

Wind Speeds 
A sensitivity test was performed to assess the influence of wind forcing on the hydrodynamics, 
particularly the current directions.  The hydrodynamic model was re-run with wind conditions as 
measured at the Dublin Bay Smart Buoy (see Figure 5.46). 

Figure 5.48 shows the current speed and direction at ADCP3 - Clontarf with and without the 
inclusion of wind forcing.  It is shown that wind forcing did not have a significant effect (i.e. large 
reversals) on the current direction for this location, however there were some minor changes to 
speed and direction associated with this parameter. 

 

 

Figure 5.48      Sensitivity of ADCP 3 – Clontarf on near–surface current speed (upper panel) and near-
surface current direction (lower panel) to wind forcing. 
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A more detailed plot is shown below for the effect of wind speeds at ADCP 1 (Liffey). This shows 
that the model does respond to the input of wind forcing. During the south-westerly winds the 
surface current direction is aligned with directions going to the east when compared to the 
model run without wind. With the change in wind direction on the afternoon of the 25th 
September the model results also show a change in the pattern of the surface flows. This figure 
also shows the large variability in the measured current direction near surface.  

 

 

 

 

Figure 5.49 Detailed comparison at ADCP 1 of measured (red lines), model (green lines), model with 
wind (blue lines). The wind speed and directions are shown in the panel above.  

Whilst this suggests that the model responds well to wind input, it also shows that to achieve 
closer parity with the measurements, a significantly more detailed wind measurement or wind 
model would be required.  

5.6.3 Discussion of sensitivity assessment & additional information 
From the results in Section 5.5 and a snapshot below, it has been shown that the model 
produces a distinct surface flow which has an extended period in the ebb direction. Otherwise 
the model shows a dominant flood flow at depth related to the density structure and the tide, 
with the ebb being for a relatively shorter period. The measurements show a large amount of 
variability, indicative of the relatively weak currents and the variable effects of stratification. 
Variability in direction of ~180 degrees is possible over timescales of 15 – 30 minutes, 
suggesting significant non-tidal factors.  

Change in direction of surface 
currents allied to direction change 
and drop in wind speed 

Increase in surface current speed and 
dominant easterly direction of near 
surface current compared to without wind 
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Figure 5.50 Detailed comparison at ADCP 1 of measured (bottom) and model (top) (green lines) through 
the water column for a selected period.  

In addition, in this location the measurements show that at high water, the tide slowly turns from 
the flood dominant west/north-west direction to a south-east/east direction. The measured ebb 
flow is noted to be significantly more southward than the model, pushing flow against the Great 
South Wall.  

Significantly, the measured CTD data (Figure 5.35) from further into the main channel and 
slightly upstream generally supports the model assessment of the dominant surface current 
direction at this location. 

Further discussion of the model outputs in this location are shown in Figure 5.51.  At the surface 
there is a noticeable density gradient extending into the entrance to the Tolka. In addition, there 
is the presence of an eddy immediately downstream. There is also a 180 degree separation in 
flow between the area immediately to the south of the ADCP location and the area to the north 
at the surface, which becomes less pronounced with depth.  

The transects of current direction illustrates the very rapid variation, both with depth and with 
space, of the directions. IP2 on the transect is approximately in the position of the ADCP and 
small variations in the position of the ADCP can be seen to likely have a large effect on the 
directions. Additionally, the ADCP measurements showing a more pronounced south-east 
direction could be due to its location on the edge of one of the eddies, where the tide is 
deflected more southwards. These eddies are relatively persistent and are controlled by both the 
Ringsend outfall structure and the balance of freshwater flow, as well as the ebb and flood of the 
tide.   

      
      
      
      
      

00:00
2015-10-01

06:00 12:00 18:00 00:00
10-02

06:00 12:00
   0

  50

 100

 150

 200

 250

 300

 350

 400
ADCP 1 Liffey, Model Current Direction at selected water column heights

    
      
      
      
      

     

   

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

    
      
      
      
      

    
      
      
      
      

    
       
       
       

 

   

  

 

 

 

 

 

 

     
     
     
     
     
     

   

  

 

 

 

 

 

 

 
      

     
     
     

    
     
     
     
      
      
      
      
      
      
      
      

      
      
      
      
      

   

  

 

 

 

 

 

 

 
          

    
      
      
      
      

     

   

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

    
      
      
      
      

    
      
      
      
      

    
       
       
       

 

   

  

 

 

 

 

 

 

     
     
     
     
     
     

00:00
2015-10-01

06:00 12:00 18:00 00:00
10-02

06:00 12:00
   0

  50

 100

 150

 200

 250

 300

 350

 400
Liffey Measured Current Direction at all heights

     
     
     

    
     
     
     
      
      
      
      
      
      
      
      

ADCP1 Liffey, layer 1: Current direction [deg]
ADCP1 Liffey, layer 2: Current direction [deg]
ADCP1 Liffey, layer 4: Current direction [deg]
ADCP1 Liffey, layer 7: Current direction [deg]
ADCP1 Liffey, layer 8: Current direction [deg]

   

  

 

 

 

 

 

 

 
          

    
      
      
      
      

     

   

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

    
      
      
      
      

    
      
      
      
      

    
       
       
       

 

   

  

 

 

 

 

 

 

     
     
     
     
     
     

   

  

 

 

 

 

 

 

 
      

     
     
     

    
     
     
     
      
      
      
      
      
      
      
      

      
      
      
      
      

   

  

 

 

 

 

 

 

 
          

    
      
      
      
      

     

   

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

    
      
      
      
      

    
      
      
      
      

    
       
       
       

 

   

  

 

 

 

 

 

 

Current direction (1(m above seabed)  [deg]
Current direction (2.4(m above seabed) [deg]
Current direction (3.4(m above seabed) [deg]
Current direction (4.4(m above seabed) [deg]
Current direction (5.4(m above seabed) [deg]
Current direction (6.4(m above seabed) [deg]

   

  

 

 

 

 

 

 

 
      

     
     
     

    
     
     
     
      
      
      
      
      
      
      
      



Hydrodynamic Model  

 97 

 

Figure 5.51 Transect through the Lower Liffey Estuary showing the structure of the water column both 
with respect to salinity and directionality. Top image shows the salinity (colours) and current 
speed and direction (vectors) at mid depth, the middle image shows the same at the surface 
and the lower image shows a cross section showing horizontal current direction in a vertical 
slice. Updated ADCP location is shown as a blue triangle.  

 

Location of 
ADCP1 

Mid Depth 

Surface 
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Comparison with other data/studies in the area was requested and efforts were made to locate 
the 2013 ADCP data for the Alexandra Basin Redevelopment. This data has been included in 
the calibration section, with the results discussed in Section 5.5.2.  

In addition, outputs from the Alexandra Basin model study for location S1 in close proximity to 
the 2015 Liffey output confirms the current model dominant axis being ~100 degrees for the ebb 
and ~275 for the flood, aligned with the main channel axis. 

 

Figure 5.52 Directional outputs from RPS model as part of Alexandra Basin submission reponse to 
requests for further infomarion (Appendix F1 – Figure F2.1) 

Finally, a visual comparison between aerial satellite photography and the surface salinity 
distribution from the hydrodynamic model show that the surface plume position is closely 
matched (Figure 5.53).  This provides further confirmation of the overall suitability of the 
hydrodynamic model with respect to the dispersion of surface waters from the Ringsend WwTP 
outfall. 
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Figure 5.53 Comparison of satellite photo of the estuary and the modelled surface salinity distribution for 
similar states of the tide.  
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5.6.4 Conclusions of Model Calibration Discussion 
The Lower Liffey Estuary comprises a deep dredged channel with freshwater inputs from the 
urban area of Dublin and the Rivers Liffey, Dodder, Slang and Cammock resulting in a 
complicated area as flows in the deep channel are significantly different in magnitude and 
direction to the upper reaches of the Liffey and on the margins.  The Tolka Estuary comprises a 
broadly shallow area, which has extensive areas that dry out at low water. Dublin Bay is a 
crescent shaped bay, with gently changing characteristics as the tide circulates around it.   

Within the Lower Liffey Estuary the dominant processes are the movement of the tide and the 
control of the position of the boundary between fresh and salt water. The position of this 
boundary, both spatially and vertically is very dynamic, varying with the tide, the wind and the 
freshwater discharges coming from upstream.  This is important as this part of the Liffey is the 
immediate dilution and mixing zone for the discharge from the Ringsend WwTP. It should be 
noted however that this assessment is primarily focused on the position and movement of the 
surface plume, as the outfall from Ringsend is considerably fresher than the water it discharges 
into.  

The tide propagating through the entrance to Dublin Harbour, is constrained in the deep channel 
and therefore flows are primarily bi-directional at depth here, with a net inward flow at depth.  
Closer to the surface, the control on the direction of flows is largely down to the balance of 
freshwater flow, prevalent wind conditions and the strength of the tide at that stage. It is to this 
end that the flow at the surface preferentially enters the Tolka estuary, as it presents a larger 
tidal prism volume than the deep narrow Liffey channel and port entrance. The tidal dilution is 
small in the Liffey compared to the Tolka estuary. The main reason for this is that the tidal 
volume is small compared to the total water volume in the Liffey, while for the Tolka the tidal 
volume is significant compared to the total water volume. As such the water transport in the 
Tolka Estuary is largely concerned with the mass transfer of flows in and out of the estuary, 
while the conditions in the Liffey are controlled by the upstream freshwater releases.  

 

Figure 5.54 Perspective view West into the Lower Liffey Estuary, showing the deep dredged channel and 
the wide shallow expanse of the Tolka Estuary.  

Water entering Dublin Bay is then dispersed by the dominant tidal flows around the bay over the 
course of several tidal cycles. 

A sensitivity assessment was performed to investigate the influence of freshwater flow from the 
River Liffey and wind forcing. 

The conclusions from the calibration and the sensitivity exercises were: 
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1. The model correctly represents the propagation of the tidal wave from the open boundary 
into Dublin Bay.  The forcing along the model open boundary represent tidal amplitudes 
and phase consistently and agree between with observed conditions at Kish Bank. In 
addition, changes to the boundaries do not significantly alter the current directions at the 
measurement sites.  

2. The hydrodynamic model provides an overall excellent representation of the dynamics of 
Dublin Bay.  The distribution of modelled current speed and directions at Burford Bank 
show excellent correspondence with observed data. This is further supported by 
comparison between modelled and observed current directions from ADCP transect 
surveys within Dublin Bay (See section 5.5.2). 

3. Additional data on current speeds and directions from upstream of the Ringsend plant in 
more Estuarine locations shows that the model is representative of the dynamics in this 
area.  

4. The sensitivity of the model was tested for freshwater flows and wind conditions. Whilst 
neither test altered the comparison between the model result and the measured directions, 
it is still considered that the exact fluvial input prevailing at the time will influence the final 
balance of salinity. This in turn will influence the circulation patterns.  

5. Wind speeds will likely influence the position of any surface plume. Again, this did not 
specifically corroborate differences in current direction seen above. However, the additional 
sensitivity tests undertaken here highlight that as part of the water quality assessment, the 
scenarios should consider a “representative” wind as a comparison. It is unlikely that real 
wind measurements for a single point could be utilised in the model as the spatial variability 
and the urban nature of the river catchment would likely be too complex.  

6. As anticipated, no specific change in the model calibration was noted from the inclusion of 
different flow inputs or starting temperatures for the Ringsend outfall.  

It should be noted that all other calibration parameters suggest that the models are 
representative. In addition, the additional data from periods prior to the 2015 survey data 
provides further validation of the overall suitability of the model in representing the complex 
system. Any remaining differences are explainable when considering the position and the 
complexity of the water column at the measurement sites. 

Following this sensitivity assessment, it was suggested that for the scenario modelling, that the 
remaining uncertainties of wind and freshwater flow were considered in the with/without 
Ringsend WwTP Upgrade scenarios. As such it was proposed that scenarios 16 and 17 were 
included to assess the relative impact on the proposed scenarios modelled.   

It is considered that this numerical model provides the most up to date and suitable tool for the 
assessment of the complex hydrodynamic conditions in the estuary and for assessing the fate of 
any future changes as a result of the changes to the Ringsend WwTP.  
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6 Water Quality Modelling Scenarios 

6.1 Methodology 

The water quality in the Liffey Estuary, Tolka Estuary and Dublin Bay was modelled using the 
Transport Module within MIKE 3 FM.   

The MIKE 3 FM hydrodynamic module is the basis for the transport module.  The 
hydrodynamic model characterises the 3-dimensional flow in Dublin Bay and its estuaries due to 
the influence of tidal forcing and riverine inputs.  The hydrodynamic model also simulates the 
effects of baroclinic flows setup by gradients in water temperature and density within the 
estuaries. 

The transport model simulates the spreading and fate of dissolved or suspended substances in 
an aquatic environment under the influence of the fluid transport and associated dispersion 
processes.  The substance modelled may be of any kind, conservative (inert, non-decaying) or 
non-conservative (active, decaying over time). 

The setup of the water quality model for the Ringsend WwTP upgrade project is described in the 
following sections.  An overview of the modelling scenarios performed is first described in 
section 6.2.  This is followed by details of the setup of the hydrodynamic and transport models in 
section 6.3 and section 6.4, respectively.  The results of a water quality model validation 
exercise are described in Section 6.5. 

6.2 Overview of Modelling Scenarios 

The definition of the water quality model runs for input to the Ringsend WwTP Upgrade scheme 
EIAR were agreed following discussion between JB Barry and Irish Water. 

Each model run consisted of a hydrodynamic model scenario and a transport model scenario, 
which are broadly categorised as representing either: 

• The existing environment: the present state of water quality environment in the estuaries 
and Dublin Bay.  The period 2013 – 2015 was used as the reference for the baseline 
scenario to coincide with the most recent measurements in the area.    

• The future discharge environment: the situation that would exist after the completion of 
the upgrade works at the Ringsend WwTP. 

Hydrodynamic model scenarios 
Seventeen (17) hydrodynamic modelling scenarios were performed as summarised in Table 6.1.  
The model runs were referenced by numbers (1, 2, 3, … 17).  The settings of the scenarios 
were chosen to represent the existing environment or various permutations of the future 
hydrodynamic and environment.  Combinations of the following inputs were simulated in the 
hydrodynamic model runs: 

• Existing environment or future discharge from Ringsend WwTP; 
• Normal/peak flow from the Ringsend WwTP; 
• Discharge through the Ringsend WwTP storm overflow; 
• Seasonal variations in flow rates and temperatures from outfalls, rivers, streams (annual 

average, summer, winter, or summer storm conditions); 
• The operation/non-operation of industrial outfalls in and around Dublin Bay and the 

estuaries; and 
• Infrastructure changes: Repair to the ESB cooling water channel and the Alexandra Basin 

Redevelopment Scheme. 
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More information on the specification of these settings is provided in section 6.3. 

Water quality model scenarios 
The approach for the water quality modelling was to assess the fate of key indicators using 
conservative and non-conservative tracers.  Linear decay rates were applied to simulate the fate 
of the non-conservative tracers.   

A total of ninety-four (94) water quality scenarios were simulated as summarised in Table 6.2.  
Each scenario was associated with one of the seventeen hydrodynamic model runs. The 
hydrodynamic model run was denoted by the integer part of the model run number, whereas the 
fractional part represents the water quality mode run.  For example, model numbers 1.01 to 1.16 
were based on hydrodynamic model scenario 1.00, and water quality model runs 2.01 to 2.04 
were based on hydrodynamic model run 2.00. 

As well as different hydrodynamic and thermal conditions (via the choice of hydrodynamic 
model), the water quality model scenarios involved varying the following model settings: 

• Different chemical and biological components, including: 
- Faecal coliforms (Escherichia coli, E. coli); 
- DIN (dissolved inorganic nitrogen); 
- Ammonia (total and un-ionised); 
- MRP (Molybdate reactive phosphorus); 
- BOD (biochemical oxygen demand); and 
- Total suspended solids (TSS) 

• Existing and future pollutant concentrations from the Ringsend outfall; 
• Seasonal variations in pollutant concentrations from the Ringsend outfall 
• Average or peak pollutant concentration from the Ringsend outfall; 
• With/without background pollutant concentrations (from rivers, streams, canals, and other 

industrial outfalls) 

More information on the specification of these settings is provided in section 6.4. 
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Table 6.1 Overview of hydrodynamic model scenarios. 

Run No. Description 

Hydrodynamic Sources External Factors 

River, 
Streams 

and Canals 

Ringsend 
Primary 

Discharge 
(SW1) 

Ringsend 
Storm 

Overflow 
(SW2) 

Dublin 
SWO 

Poolbeg 
Power 
Station 

Synergen 
Power 
Station 

Covatna 
WtE Plant 

GDD 
Outfall 

Doldrum 
Bay Outfall 

Shanganagh 
Outfall 

ESB 
Cooling 
Water 

Channel 

Alexandra 
Basin 

1 Existing Environment – Average             

2 Existing Environment – Peak Flow             

3 Existing Environment - Winter             

4 Existing Environment – Summer             

5 Existing Environment – Storm Event             

6 Future Discharge – Average             

7 Future Discharge – Peak flow             

8 Future Discharge – Winter             

9 Future Discharge – Summer             

10 Future Discharge – Storm Event             

11 Future Discharge – Average 
(Poolbeg Power Station On)             

12 Future Discharge – Winter (Poolbeg 
Power Station On)             

13 Future Discharge – Summer 
(Poolbeg Power Station On)             

14 Future Discharge – Average (ESB 
Channel Repaired)             

15 Future Discharge – Average 
(Alexandra Basin Redevelopment)             

16 Future Discharge – Average (Wind 
Sensitivity)             

17 Future Discharge – Average 
(Average Flow Sensitivity)             
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Table 6.2 Overview of water quality models.  

Run No. Description Hydrodynamic Model Ringsend Effluent 
Concentration, SW1 

Ringsend Effluent 
Concentration, SW2 

1.01 BOD – Average  

1: Existing 
Environment – 
Average 

20.6 mg/l N/A 

1.02 BOD – Peak  58. mg/l N/A 

1.03 Suspended Solids – Average  38.2 mg/l N/A 

1.04 Suspended Solids – Peak  129.1 mg/l N/A 

1.05 Not Used N/A N/A 

1.06 Ammonia 10.3 mg N /l N/A 

1.07 Dissolved Inorganic Nitrogen 14. mg N /l N/A 

1.08 Molybdate Reactive Phosphate 2.49 mg P /l N/A 

1.09 BOD – Average  
(no background pollutants) 20.6 mg/l N/A 

1.10 BOD – Peak  
(no background pollutants) 58. mg/l N/A 

1.11 Suspended Solids – Average  
(no background pollutants) 38.2 mg/l N/A 

1.12 Suspended Solids – Peak  
(no background pollutants) 129.1 mg/l N/A 

1.13 Not Used N/A N/A 

1.14 Ammonia 
(no background pollutants) 10.3 mg N /l N/A 

1.15 Dissolved Inorganic Nitrogen 
(no background pollutants) 14. mg N /l N/A 

1.16 Molybdate Reactive Phosphate 
(no background pollutants) 2.49 mg P /l N/A 

2.01 BOD – Peak  

2: Existing 
Environment – Peak  
Flow 

35.5 mg/l N/A 

2.02 Suspended Solids – Peak  79. mg/l N/A 

2.03 BOD – Peak  
(no background pollutants) 35.5 mg/l N/A 

2.04 Suspended Solids – Peak  
(no background pollutants) 79. mg/l N/A 

3.01 Dissolved Inorganic Nitrogen 

3: Existing 
Environment – Winter  

16.3 mg N /l N/A 

3.02 Molybdate Reactive Phosphate 1.97 mg P /l N/A 

3.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 16.3 mg N /l N/A 

3.04 Molybdate Reactive Phosphate 
(no background pollutants) 1.97 mg P /l N/A 

3.05 E. coli 3.00E+5/100ml N/A 

3.06 E. coli (no background pollutants) 3.00E+5/100ml N/A 
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Table 6.2 Overview of water quality models.  

Run No. Description Hydrodynamic Model Ringsend Effluent 
Concentration, SW1 

Ringsend Effluent 
Concentration, SW2 

4.01 Dissolved Inorganic Nitrogen 

4: Existing 
Environment – 
Summer  

9.8 mg N /l N/A 

4.02 Molybdate Reactive Phosphate 3.12 mg P /l N/A 

4.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 9.8 mg N /l N/A 

4.04 Molybdate Reactive Phosphate 
(no background pollutants) 3.12 mg P /l N/A 

4.05 E. coli 1.00E+5/100ml N/A 

4.06 E. coli 
(no background pollutants) 1.00E+5/100ml N/A 

5.01 E. coli 5: Existing 
Environment – Storm 
Event 

Time-varying Time-varying 

5.02 E. coli (no background pollutants) Time-varying Time-varying 

6.01 BOD – Average  

6: Future Discharge – 
Average  

12. mg/l N/A 

6.02 BOD – Peak  25. mg/l N/A 

6.03 Suspended Solids – Average  17.5 mg/l N/A 

6.04 Suspended Solids – Peak  35. mg/l N/A 

6.05 Not Used N/A N/A 

6.06 Ammonia 1. mg N /l N/A 

6.07 Dissolved Inorganic Nitrogen 8. mg N /l N/A 

6.08 Molybdate Reactive Phosphate 0.7 mg P /l N/A 

6.09 Conservative Tracer N/A N/A 

6.10 BOD – Average  
(no background pollutants) 12. mg/l N/A 

6.11 BOD – Peak  
(no background pollutants) 25. mg/l N/A 

6.12 Suspended Solids – Average  
(no background pollutants) 17.5 mg/l N/A 

6.13 Suspended Solids – Peak  
(no background pollutants) 35. mg/l N/A 

6.14 Not Used N/A N/A 

6.15 Ammonia 
(no background pollutants) 1. mg N /l N/A 

6.16 Dissolved Inorganic Nitrogen 
(no background pollutants) 8. mg N /l N/A 

6.17 Molybdate Reactive Phosphate 
(no background pollutants) 0.7 mg P /l N/A 

6.18 BOD – 3 Day Untreated Discharge 240. mg/l N/A 
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Table 6.2 Overview of water quality models.  

Run No. Description Hydrodynamic Model Ringsend Effluent 
Concentration, SW1 

Ringsend Effluent 
Concentration, SW2 

7.01 BOD – Peak  7: Future Discharge – 
Peak Flow 21.7 mg/l N/A 

7.02 Suspended Solids – Peak  

7: Future Discharge – 
Peak Flow 

21.9 mg/l N/A 

7.03 Conservative Tracer N/A N/A 

7.04 BOD – Peak  
(no background pollutants) 21.7 mg/l N/A 

7.05 Suspended Solids – Peak  
(no background pollutants) 9.7 mg N /l N/A 

8.01 Dissolved Inorganic Nitrogen 

8: Future Discharge – 
Winter  

0.7 mg P /l N/A 

8.02 Molybdate Reactive Phosphate 9.7 mg N /l N/A 

8.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 0.7 mg P /l N/A 

8.04 Molybdate Reactive Phosphate 
(no background pollutants) 3.00E+5/100ml N/A 

8.05 E. coli 3.00E+5/100ml N/A 

8.06 E. coli 
(no background pollutants) 9.7 mg N /l N/A 

9.01 Dissolved Inorganic Nitrogen 

9: Future Discharge – 
Summer  

6.3 mg N /l N/A 

9.02 Molybdate Reactive Phosphate 0.7 mg P /l N/A 

9.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 6.3 mg N /l N/A 

9.04 Molybdate Reactive Phosphate 
(no background pollutants) 0.7 mg P /l N/A 

9.05 E. coli 1.00E+5/100ml N/A 

9.06 E. coli 
(no background pollutants) 1.00E+5/100ml N/A 

10.01 E. coli 
10: Future Discharge – 
Storm Event 

100,000/100ml Time-varying 

10.02 E. coli 
(no background pollutants) 100,000/100ml Time-varying 

11.01 BOD 

11: Future Discharge – 
Average (Poolbeg 
Power Station On) 

12. mg/l N/A 

11.02 Suspended Solids 17.5 mg/l N/A 

11.03 Not Used N/A N/A 

11.04 Ammonia 1. mg N /l N/A 

11.05 Dissolved Inorganic Nitrogen 8. mg N /l N/A 

11.06 Molybdate Reactive Phosphate 0.7 mg P /l N/A 

11.07 Conservative Tracer N/A N/A 
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Table 6.2 Overview of water quality models.  

Run No. Description Hydrodynamic Model Ringsend Effluent 
Concentration, SW1 

Ringsend Effluent 
Concentration, SW2 

11.08 BOD 
(no background pollutants) 12. mg/l N/A 

11.09 Suspended Solids 
(no background pollutants) 17.5 mg/l N/A 

11.10 Not Used 

11: Future Discharge – 
Average (Poolbeg 
Power Station On) 

N/A N/A 

11.11 Ammonia 
(no background pollutants) 1. mg N /l N/A 

11.12 Dissolved Inorganic Nitrogen 
(no background pollutants) 8. mg N /l N/A 

11.13 Molybdate Reactive Phosphate 
(no background pollutants) 0.7 mg P /l N/A 

12.01 Dissolved Inorganic Nitrogen 

12: Future Discharge – 
Winter (Poolbeg Power 
Station On) 

9.7 mg N /l N/A 

12.02 Molybdate Reactive Phosphate 0.7 mg P /l N/A 

12.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 9.7 mg N /l N/A 

12.04 Molybdate Reactive Phosphate 
(no background pollutants) 0.7 mg P /l N/A 

12.05 E. coli 3.00E+5/100ml N/A 

12.06 E. coli 
(no background pollutants) 3.00E+5/100ml N/A 

13.01 Dissolved Inorganic Nitrogen 

13: Future Discharge – 
Summer (Poolbeg 
Power Station On) 

6.3 mg N /l N/A 

13.02 Molybdate Reactive Phosphate 0.7 mg P /l N/A 

13.03 Dissolved Inorganic Nitrogen 
(no background pollutants) 6.3 mg N /l N/A 

13.04 Molybdate Reactive Phosphate 
(no background pollutants) 0.7 mg P /l N/A 

13.05 E. coli 1.00E+5/100ml N/A 

13.06 E. coli 
(no background pollutants) 1.00E+5/100ml N/A 

14.01 Conservative Tracer 
14: Future Discharge – 
Average (ESB Channel 
Repaired) 

N/A N/A 

15.01 Conservative Tracer 
15: Future Discharge – 
Average (Alexandra 
Basin Redevelopment) 

N/A N/A 

16.01 Conservative Tracer 
16: Future Discharge – 
Average (Wind 
Sensitivity) 

N/A N/A 
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Table 6.2 Overview of water quality models.  

Run No. Description Hydrodynamic Model Ringsend Effluent 
Concentration, SW1 

Ringsend Effluent 
Concentration, SW2 

17.01 Conservative Tracer 
17: Future Discharge – 
Average (Flow 
Sensitivity) 

 N/A N/A 

6.3 Hydrodynamic Model 

The setup and calibration of a 3-dimensional hydrodynamic and thermal model of the project site 
was described in Section 5.  

The calibration of the hydrodynamic model was based on a period during September and 
October 2015, during which observed data on the hydrodynamic and thermal characteristics 
were available. 

For the water quality modelling, a set of seventeen (17) hydrodynamic model scenarios were 
investigated.  These scenarios represented both the existing environment over the baseline 
period (2013 – 2015, inclusive) and various permutations of the future discharge environment.  
This required an update to the setup of the hydrodynamic model setup as previously described 
in section 5.  The settings for the hydrodynamic model are described in the following sections. 

6.3.1 Sources 
Hydrodynamic point sources were specified in the model to capture the effects of flow, 
temperature and salinity.  Point sources include rivers, streams, canals, inlets, wastewater and 
industrial outfalls in and around Dublin Bay. 

Figure 6.1 shows the location of all point sources in the hydrodynamic model scenarios.  Not all 
point sources were included in every scenario: Some (e.g. Rivers, streams and canals) were 
included in all scenarios, whereas others (e.g. the Ringsend storm water overflow and GDD 
outfall) were only included in the storm scenario.  Table 6.1 summarises which sources were 
included in the each of the seventeen hydrodynamic model scenarios. 

Each source was specified within the model by the following three parameters (either constant in 
time or time-varying): 

• Flow rate – m3/s; 
• Temperature – ºC (either absolute or relative to ambient temperature);  
• Salinity – PSU (either absolute or relative to ambient temperature); and 
• Vertical position in the water column. 

All point sources were set to discharge to the surface waters (i.e. upper-most layer) of the 
hydrodynamic model. 



Water Quality Modelling Scenarios  

 111 

 

Figure 6.1 Map showing point sources specified in the hydrodynamic model. 

6.3.1.1 Rivers, Streams, and Canals 
There are eleven (11) freshwater sources in the hydrodynamic model. 

• River Liffey; 
• River Dodder and River Slang (combined); 
• River Tolka; 
• River Camac; 
• River Santry; 
• Royal Canal; 
• Grand Canal; 
• River Mayne; 
• River Sluice; 
• Elm Park Stream; and 
• Trimelston Stream. 

Average conditions 
River flow rates were determined from a statistical analysis of gauged values (see section 
4.1.1).  To provide realistic estimates of discharges, the statistical analysis was based on a 
hydrometric record of up to 20 years.  The analysis was performed for annual, summer (June – 
August), and winter (December – January).  These returned values were used to represent the 
typical river flow rates during the model reference period 2013 – 2015. 
 
For the River Liffey, flow data were available for the year 2015 only at the Leixlip Power Station.  
This gauge is owned and operated by ESB and is not a standard water level recording station as 
operated by the EPA or OPW.  The River Liffey is a major river and the gauge at Leixlip was 
located some distance upstream of the location at which it entered the hydrodynamic model 
domain (at Islandbridge Weir).  It was therefore decided to scale the gauged flow rate for the 
Liffey to account for additional run-off into the river between the gauging station and the 
receiving water.   

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝑆𝑆 =  𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿 ×
𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐼𝐼𝐼𝐼𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝐿𝐿𝑆𝑆𝐼𝐼𝐿𝐿

𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿
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ALiffey,Islandbridge and ALiffey,Leixlip were the catchment area of the Liffey at Islandbridge Weir and 
Leixlip Power Station, respectively. These values were taken from the Eastern CFRAM Study 
Hydrology Report (Ref. /10/) which gave a scale factor of 1.132. 

Figure 6.2 to Figure 6.8 show time series and statistics of the flow in the principal rivers during 
the period 2013 to 2015.  The statistics are shown for annual, summer and winter conditions.  
As the rivers in the catchment were small and mean flow rates are often strongly influenced by 
episodic high flow events, it was considered that the median flow rate provided the best 
representation of the general conditions. 

Table 6.3 gives the values for the typical annual, summer, and winter conditions that were set in 
the water quality modelling scenarios.  

Note that, the Rye Water and River Grifeen are tributaries of the River Liffey that join between 
Leixlip Power Station and the start of the Upper Liffey Estuary at Islandbridge Weir (Figure 4.1).  
The specified flow rate for the Liffey in Table 6.3 represents the combined flow from these three 
water courses.   

Other tributaries, such as the River Camac and Dodder, enter the Lower Liffey Estuary within 
the model domain.  The value for the River Dodder also includes contributions from the River 
Slang.  The Royal Canal and the Grand Canal also flow into the Lower Liffey.  Note that the 
values for the canals have been estimated, as no gauged flow rates were available. 

The Mayne River and Sluice River both discharge into the Baldoyle Estuary, north-east of Dublin 
City.  These rivers were included due to their close proximity to the GDD outfall and were 
specified in both the baseline and future scenarios.  Flow rates for the River Sluice and River 
Mayne were provided by the GDD team (Ref. /12/). 

The Elm Park Stream and Trimleston Stream are minor urban watercourses in South Dublin.  
Though the streams are not large they receive urban runoff due to a surface water drainage.  
Both discharge into the south of Dublin Bay near designated bathing water beaches.  The flow 
rates for these two streams are estimated values. 

River temperatures were set according to median observed values from EPA monitoring sites 
during annual, summer, and winter conditions at the following locations (see Figure 4.22): 
• DB010 – Liffey City, Heuston Station upstream of Cammock outfall; 
• DB120 – Dodder/Grand Canal Basin; and 
• DB310 – Tolka downstream of Annesley Bridge. 

In all cases, the salinity of the river waters was set to 0 PSU (i.e. fresh water). 

Storm conditions 
For the summer storm scenario, river flow rates were based on the 15-minute gauged values 
during the event where available (Figure 6.9 to Figure 6.13).   

For the Liffey (at Leixlip Power Station) and the Rye Water (at Leixlip) no observed data were 
available during the chosen storm event which occurred on the 2nd and 3rd of August 2014.  
Instead, the flow rate for the River Liffey was approximated by scaling the River Cammock using 
a flow by area method. 

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆 =  𝑄𝑄𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶,𝐼𝐼𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆 ×
𝐴𝐴𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝐼𝐼𝐼𝐼𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝐿𝐿𝑆𝑆𝐼𝐼𝐿𝐿

𝐴𝐴𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶
 

 
ALiffey,Islandbridge and ACammock were the catchment area of the Liffey up to Islandbridge Weir and the 
River Cammock, respectively. These values were taken from the Eastern CFRAM Study 
Hydrology Report (Ref. /10/) which gave a scale factor of approximately 14. 
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For the River Santry, the daily mean flow rates were used, as the 15-minute discharge values 
contained significant amounts of missing data. 

Note that the values for the canals have been estimated, as no gauged flow rates were 
available. 

Flow rates for the minor streams and canals were approximated and the River Sluice and River 
Mayne were set according to the values provided by the GDD team Ref. /12/). 
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Table 6.3 Flow rate, temperature, and salinity for all rivers in the water quality model for annual, summer, winter and storm conditions. 

River 
Median flow rate [m3/s] Temperature [ºC] Salinity [PSU] 

Annual  Summer  Winter Storm Annual Summer Winter Storm Annual Summer Winter  Storm 

Liffey 6.1 2.2 27.4 Figure 6.9 10.5 15 6 15 0 0 0 0 

Dodder + Slang 1.5 0.9 2.6 Figure 6.11 10.5 14.5 7 14.5 0 0 0 0 

Tolka 1.1 0.5 2.2 Figure 6.12 11 15 7.5 15 0 0 0 0 

Camac 0.4 0.3 0.6 Figure 6.10 10.5 14.5 7 14.5 0 0 0 0 

Santry 0.1 0.1 0.2 Figure 6.13 11 15 7.5 15 0 0 0 0 

Royal Canal 0.1 0.1 0.1 0.1 10.5 14.5 7 14.5 0 0 0 0 

Grand Canal 0.1 0.1 0.1 0.1 10.5 14.5 7 14.5 0 0 0 0 

Mayne 0.2 0.2 0.2 0.2 11 15 7.5 15 0 0 0 0 

Sluice 0.4 0.4 0.4 0.4 11 15 7.5 15 0 0 0 0 

Elm Park Stream 0.05 0.05 0.05 0.5 10.5 14.5 7.5 14.5 0 0 0 0 

Trimleston Stream 0.05 0.05 0.05 0.5 10.5 14.5 7.5 14.5 0 0 0 0 
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Figure 6.2 Flow rate in the River Liffey at Leixlip Power Station from 2013 – 2015.  Time series of flow 
rate showing summer and winter periods (upper panel).  Box plots showing the annual, 
summer and winter mean flow rates (orange cross), median flow rates (orange horizontal 
line), 25-75% quantile (blue box) and 10-90% quantile (whiskers). 

 

Figure 6.3 Flow rate in the River Rye at Leixlip from 2013 – 2015.  Time series of flow rate showing 
summer and winter periods (upper panel).  Box plots showing the annual, summer and 
winter mean flow rates (orange cross), median flow rates (orange horizontal line), 25-75% 
quantile (blue box) and 10-90% quantile (whiskers). 
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Figure 6.4 Flow rate in the River Camac at Killeen Road from 1996 – 2016.  Time series of flow rate 
showing summer and winter periods (upper panel).  Box plots showing the annual, summer 
and winter mean flow rates (orange cross), median flow rates (orange horizontal line), 25-
75% quantile (blue box) and 10-90% quantile (whiskers). 

 

Figure 6.5 Flow rate in the River Dodder at Waldron’s Bridge from 2000 – 2016.  Time series of flow 
rate showing summer and winter periods (upper panel).  Box plots showing the annual, 
summer and winter mean flow rates (orange cross), median flow rates (orange horizontal 
line), 25-75% quantile (blue box) and 10-90% quantile (whiskers). 
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Figure 6.6 Flow rate in the River Slang at Frankfort from 2002 – 2016.  Time series of flow rate showing 
summer and winter periods (upper panel).  Box plots showing the annual, summer and 
winter mean flow rates (orange cross), median flow rates (orange horizontal line), 25-75% 
quantile (blue box) and 10-90% quantile (whiskers). 

 

Figure 6.7 Flow rate in the River Tolka at Botanic Gardens from 1999 – 2015.  Time series of flow rate 
showing summer and winter periods (upper panel).  Box plots showing the annual, summer 
and winter mean flow rates (orange cross), median flow rates (orange horizontal line), 25-
75% quantile (blue box) and 10-90% quantile (whiskers). 
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Figure 6.8 Flow rate in the Santry at Cadburys from 2001 – 2015.  Time series of flow rate showing 
summer and winter periods (upper panel).  Box plots showing the annual, summer and 
winter mean flow rates (orange cross), median flow rates (orange horizontal line), 25-75% 
quantile (blue box) and 10-90% quantile (whiskers). 
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Figure 6.9 River Liffey flow rate before, during, and after storm scenario (2nd-3rd August 2014). 

 

Figure 6.10 River Camac flow rate before, during, and after storm scenario (2nd-3rd August 2014). 

 

Figure 6.11 Combined River Dodder and River Slang flow rate before, during, and after storm scenario 
(2nd-3rd August 2014). 
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Figure 6.12 River Tolka flow rate before, during, and after storm scenario (2nd-3rd August 2014). 

 

Figure 6.13 River Santry flow rate before, during, and after storm scenario (2nd-3rd August 2014). 
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6.3.1.2 Ringsend WwTP Discharge  
There are two-point sources for the Ringsend WwTP: 

• SW1, Primary Wastewater Discharge on the Lower Liffey and within the ESB Poolbeg 
Cooling Water Channel. 

• SW2, Storm Water Overflow Discharge, located approximately 500m upstream of SW1 on 
the Lower Liffey Estuary.   

Table 6.4 gives the flow rates for the both Ringsend SW1 and SW2 for the existing environment 
(hydrodynamic model scenarios 1 – 5) and the future discharge environment (hydrodynamic 
model scenarios 6 – 17). 

The outfall at SW2 is only active when the WwTP storage tank capacity is exceeded. Figure 
6.14 shows the measured effluent discharge rate at SW1 and SW2 during the period around the 
summer storm of the (2nd – 3rd August 2014). 

Figure 6.15 shows the predicted effluent discharge rate at SW1 and SW2 for the future scenario.  
Once more, the outfall at SW2 is only active when the WwTP storage tank capacity is exceeded.  
However, as the volume of water discharged from the primary outfall at SW1 will increase in the 
future scenario, the total volume of water discharged at SW2 during the storm is lower than the 
future scenario. 

Figure 6.16 shows a time-series of observed effluent temperature at SW1 during the period 
around the storm event of 2 – 3 August 2014.  These data were used to describe the 
temperature at both SW1 (primary wastewater discharge) and SW2 (storm water overflow) 
during the event and for both the existing and future discharge scenarios. 
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Table 6.4 Flow rates at Ringsend WwTP outfalls SW1 and SW2 for baseline and future water quality model scenarios (Ref. /13/). 

River 
Median flow rate [m3/s] Temperature [ºC] Salinity [PSU] 

Annual  Peak  Summer Winter Storm Annual Peak Summer Winter Storm Annual Peak Summer Winter  Storm 

Ringsend SW1 
(existing 
environment) 

4.91 8.04 4.28 5.76 

Figure 
6.14 

16.2 16.2 19.8 13.6 

Figure 
6.16 

0 0 0 0 0 

Ringsend SW2 
(existing 
environment) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Ringsend SW1 
(future discharge) 6.95 11.1 6.05 8.15 

Figure 
6.15 

16.2 16.2 19.8 13.6 0 0 0 0 0 

Ringsend SW2 
(future discharge) 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Figure 6.14 Flow rate at Ringsend WwTP outfalls SW1 (blue) and SW2 (orange) before, during, and after 
the summer storm scenario (2-3 August 2014) for baseline scenario. 

 

Figure 6.15 Flow rate at Ringsend WwTP outfalls SW1 (blue) and SW2 (orange) before, during and after 
the summer storm scenario (2-3 August 2014) for future scenario. 

 

Figure 6.16 Temperature of Ringsend effluent during summer storm scenario (2-3 August 2014) for both 
existing and future discharge scenario at SW1 (primary discharge) and SW2 (storm water 
overflow). 
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6.3.1.3 Dublin Storm Water Overflows 
During heavy rainfall events the flows may exceed the sewage treatment plant capacity.  In this 
event, relief structures allow the combined Storm Water Overflow (SWO) to be discharged 
directly into the Lower Liffey Estuary.  This scenario was included in the summer storm scenario 
at the request of Irish Water.  

During the summer storm conditions (hydrodynamic model scenario 5 and 10), the contribution 
from Dublin SWO’s were specified in the hydrodynamic model.  The loads were provided by 
Irish Water for three (3) locations representing the Liffey North Bank, Liffey South Bank, and the 
River Dodder (Figure 6.17). These loads were calculated by Irish Water running the City Centre 
& Rathmines/Pembroke combined network model in InfoWorks CS for the August storm event 
and collating spill volumes from all SWOs discharging to the Liffey Estuary and River Dodder. 
Spill Volumes for the Dodder were applied as a point discharge at the model boundary while the 
loads for the River Liffey North Bank and River Liffey South Bank were equally split between 4 
outfall locations (Figure 6.18).  This approach was agreed with Irish Water on the basis that 
these locations are reflective of development within the catchment. 

The SWO loads were specified as surface point sources with zero excess temperature and a 
specified salinity of 0 PSU. 

 

Figure 6.17 Dublin Storm Water Overflow (SWO) before, during, and after the summer storm scenario 
(2nd – 3rd August 2014). 

 

Dublin SWO storm discharge 

Dublin SWO storm discharge 

Dublin SWO storm discharge 
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Figure 6.18 Location of the SWO’s for the summer storm scenarios. 

6.3.1.4 Other Wastewater and Industrial Outfalls  
There are a number of additional sewage and industrial outfalls in and around the Lower Liffey 
Estuary and the Greater Dublin coastal area.  The status of these outfalls was classed as being 
either: 

• Operational in the existing environment scenario only; 
• Operational in the future discharge environment scenario only;  
• Operational in both the existing environment and the future discharge environment; and 
• Intermittently operational in the future discharge scenario. 

The values specified for the outfall discharges in the hydrodynamic model are shown in Table 
6.5.  The operation/non-operation of these outfalls and their locations can be identified from 
Table 6.1 and Figure 6.1, respectively.  A summary of each of these outfalls is provided below. 

Doldrum Bay Outfall 
Doldrum Bay is a beach on the south side of Howth Head in the north of Dublin Bay.  A raw 
sewage outfall is known to discharge into the bay at this location.  It is understood that the 
untreated effluent is of domestic origin from approximately 40 homes.  The discharge at 
Doldrum Bay was estimated based on the assumption of a wastewater personal load of 0.2 
m3/day (Ref. /14/) and a population of approximately 120. 

The Doldrum Bay outfall was operational in the existing environment scenario only, as it was 
assumed that the raw sewage discharge will be removed in the near future. 

Poolbeg Power Station 
Poolbeg Generation Station is a power station located on the Poolbeg Peninsula at Ringsend, 
on the south bank of the Lower Liffey Estuary.  There have been a number of power stations on 
the site since the early twentieth century.  The modern-day plant consists of 480 MW combined-
cycle gas turbine (CCGT) operated by the Electricity Supply Board of Ireland (ESB).   

The cooling water discharge from the plant enters the Lower Liffey Estuary via a channel and 
weir.  This is the same structure as used by the Ringsend WwTP outfall (see section 5.4.7). 

It is understood Poolbeg Plant is currently reserved as back-up and only fired during peak 
system demand or unusual load demands (e.g. due to non-availability of other electrify 
generation sources).  As such, the Poolbeg Power Station outfall was classed as being 
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intermittently operational in the future discharge scenarios.  The flow rate and temperature of the 
cooling water discharge were provided by JB Barry. 

Synergen Power Station 
The Synergen Power Station is a combined cycle gas generating plant located on the south side 
of the River Liffey.  The plant extracts cooling water from the Lower Liffey and discharges this 
water via a channel back into the estuary approximately 1 kilometre upstream of the Ringsend 
WwTP. 

The Synergen Power Station was included in both the existing environment and future discharge 
scenarios. 

Data on the emissions to water were obtained from the annual environmental reports for the 
years 2013 – 2015 (Ref. /15/).  During this period the average flow rate was approximately 6.1 
m3/s and the average rise in temperature of the cooling water above ambient water temperature 
was 6.5 ºC.  For the maintenance of continuity, there was a withdrawal of the same volume of 
ambient water from the Lower Liffey at the Synergen intake. 

Covanta Waste-to-Energy Plant  
The Dublin Waste-to-Energy (WtE) Project will see the construction and operation of a thermal 
treatment plant for the incineration of municipal waste.  The plant will extract cooling water from 
the Lower Liffey and discharge this water via a channel back into the estuary approximately 1 
kilometre upstream of the Ringsend WwTP.  The plant was operational in future discharge 
scenarios only. 

The discharge rate of cooling water from the Covanta WtE Plant was specified as 3.9 m3/s, with 
an increase in ambient water temperature of 9.0 ºC (Ref. /2/).  For the maintenance of continuity, 
there was also a withdrawal of the same volume of ambient water from the Lower Liffey at the 
Covanta WtE Plant intake. 

Greater Dublin Drainage (GDD) outfall 
The Greater Dublin Drainage Project (GDD) involves the development of a new regional 
wastewater treatment facility for the greater Dublin area.  The GDD project will consist of the 
construction of a new wastewater treatment plant in the north of Dublin at Clonshaugh, with an 
outfall pipeline discharging into the Irish Sea around 3 kilometres to the north of Howth Head.   

The GDD outfall was included in the future discharge scenarios only.  The flow rate and 
temperature for the outfall were provided courtesy of the GDD project team (Ref. /12/). 

Shanganagh Outfall 
The Shanganagh wastewater treatment plant is located in County Dublin serving a suburban 
catchment to the south of Dublin City.  The primary discharge consists of a 1.7 kilometre long 
sea that discharges into the Irish Sea outfall to the south of Dublin Bay.  

The Shanganagh outfall was operational in both the existing environment scenario and the 
future discharge scenario.  The flow rate and temperature were provided courtesy of the GDD 
project team (Ref. /12/). 
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Table 6.5 Flow rate, temperature, and salinity for outfalls in the water quality model for annual, summer, winter, and storm conditions. 

River 

Median flow rate [m3/s] Temperature relative to ambient 
levels [ºC] 

Salinity [PSU] 

Annual  Summer  Winter Storm Annual Summer Winter Storm Annual Summer Winter  Storm 

Shanganagh WwTP Outfall 2.1 2.1 2.1 2.1 6.0 6.0 6.0 6.0 0 0 0 0 

SynerGen Power Station 6.1 6.1 6.1 6.1 6.5 6.5 6.5 6.5 Ambient 

Covanta WtE Plant 3.9 3.9 3.9 3.9 9.0 9.0 9.0 9.0 Ambient 

GDD Outfall 1.8 1..8 1.8 1.8 0 0 0 0 0 0 0 0 

Poolbeg Power Station 10.0 10.0 10.0 10.0 7.6 7.6 7.6 7.6 Ambient 

Doldrum Bay Outfall 2.8x10-4 2.8x10-4 2.8x10-4 2.8x10-4 0 0 0 0 0 0 0 0 
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6.3.2 Infrastructure Changes 
Future changes to the existing port infrastructure in and around Dublin have the potential to alter 
the existing hydrodynamic regime and, therefore, the dispersal and fate of dissolved or 
suspended substances. 

The hydrodynamic model was modified to simulate the effects of two (2) envisaged 
infrastructure changes in order to assess the sensitivity of these developments on flow and 
dispersion. This included repair of the ESB cooling water channel (hydrodynamic model 
scenario 14) and the Alexandra Basin Redevelopment Scheme (hydrodynamic model scenario 
15).  Further information on these runs are described below. 

ESB Cooling Water Channel 
The primary Ringsend WwTP outfall discharges treated effluent into the ESB Poolbeg Power 
Station cooling water channel and flows into the Lower Liffey Estuary via a weir (Figure 5.17).  
As described in section 5.4.6, there is extensive damage to the existing cooling water channel.  
This damage means that treated effluent enters the Lower Liffey through gaps and holes in the 
walls of the cooling water channel. 

In hydrodynamic model scenario 14, the damaged sections of the ESB cooling water channel 
was assumed to have been repaired.  This was achieved in the model setup by setting the crest 
levels of the damaged sections above the maximum water level, thus not enabling any flow to 
enter the Lower Liffey via the cooling water channel (Table 6.6 and Figure 6.19).  The Ringsend 
effluent discharged into the cooling water channel can only enter the Liffey through the weir 
(section D), which faces downstream of the WwTP and towards Dublin Bay. 

The model run considered average annual conditions for the future discharge scenarios only.  
No other changes to the model setup were specified. 

In all other hydrodynamic model scenarios (existing and future discharge environments) the 
cooling water channel and weir were modelled in the existing damaged state (Table 6.6 and 
Figure 6.19). 

Table 6.6 Crest levels of Ringsend Weir sections specified in the hydrodynamic model in the existing 
(damaged) and repaired state. 

Weir Section  Weir Crest Level in existing 
damaged state [mMSL]  

Weir Crest Level in 
repaired state [mMSL]  

Section A 1 > maximum water level 

Section B -1 > maximum water level 

Section C -1 > maximum water level 

Section D 0 0 
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Figure 6.19 Weir sections as specified in the hydrodynamic model.  

Alexandra Basin Redevelopment Project 
As part of Dublin Port Company masterplan for 2040, several major infrastructure developments 
within the Port and entrance channel have been proposed.  Amongst these developments is a 
capital dredging scheme to deepen the fairway and approach to Dublin Port, to increase the 
ruling depth from -7.8 m to -10.0 m below chart datum.   

A previous modelling study performed for the EIS of the Alexandra Basin Redevelopment 
Project (Ref. /7/) concluded that: 

• There will be no significant changes to the tidal flow regime of Dublin Bay. 
• There will be no perceptible change in tidal velocity within the deepened, realigned 

navigation channel. 

Nevertheless, the impact of the capital dredging has on flow and dispersion was simulated. This 
was achieved in hydrodynamic model scenario 15 by reducing the model bathymetry to -10.0 m 
below chart datum along the approach channel to Dublin Port and within the Alexandra Basin.   

Figure 6.20 shows the model bathymetry including the Alexandra Basin Redevelopment 
Scheme and the change in bathymetry relative to the existing model setup.  

The model run considered average annual conditions for the future discharge scenarios only.  
No other changes to the model setup were specified. 
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Figure 6.20 Upper panel: Hydrodynamic model bathymetry with Alexandra Basin Redevelopment 

Scheme included. Lower panel: difference in bathymetry between Alexandra Basin 
Redevelopment Scheme and existing situation (blue areas show deeper water due to 
dredged approach channel). 
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6.3.3 Meteorological Conditions 
The temperature of the water in the hydrodynamic model interacts with the atmosphere through 
heat exchange.  The atmospheric conditions were determined using data from a 5-year 
meteorological model (2010 – 2015).   

Average conditions 
The diurnal variation in air temperature and relative humidity was calculated by finding the 
median value at each hour of the day.  This was performed for average annual, summer, and 
winter conditions.  Figure 6.21 shows the resulting data which was specified for each day of the 
average condition scenarios.  

 

 

Figure 6.21 Diurnal variation in air temperature (top panel) and relative humidity (lower panel) for Dublin 
during average annual, summer, and winter conditions. 
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Storm conditions 
Figure 6.22 shows the air temperature and relative humidity in Dublin during the summer storm 
scenario. 

 

Figure 6.22 Variation in air temperature (top panel) and relative humidity (lower panel) for Dublin before, 
during, and after the storm scenario (2nd – 3rd August 2014). 
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6.3.4 Boundary Conditions 
Tidal forcing was applied along the offshore open boundaries of the hydrodynamic model.  The 
offshore boundary data were extracted from a regional model of the Irish Sea developed and 
maintained by DHI (Figure 5.7).  The regional tidal model was in turn driven by surface 
elevations from a global tidal model. 

The tidal data were specified as varying (spatially and temporally) along each of the open 
boundaries, thereby enabling the variation in water surface elevation and current speed to be 
captured by the model. 

Table 6.7 summarises the open-boundary conditions specified for the hydrodynamic model. 

Table 6.7 Offshore boundary conditions for hydrodynamic model (summer and winter). 

Boundary 
Temperature  [ºC] Salinity [PSU] 

Water 
Levels [m] 

Current 
Speed [m/s] 

Annual Summer Winter Annual  Summer Winter  

Offshore  
Boundary 10.5 14 7 34 34 34 Time varying covering a full 

spring neap tidal cycle. 
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6.4 Transport Model 

The transport model simulates the spreading and fate of dissolved or suspended substances 
under the influence of the fluid transport and associated dispersion processes.  The transport 
model was used to setup the water quality model scenarios for the Ringsend WwTP Upgrade 
EIAR. 

A set of ninety-four (94) water quality scenarios were simulated as summarised in Table 6.2.  
These scenarios represented both existing environment over the baseline period (2013 – 2015, 
inclusive) and various permutations of the future discharge environment.  The integer part of the 
model run number represents the hydrodynamic model scenario used as the basis for the water 
quality model scenario (e.g. run no. 1.05 is associated with hydrodynamic model scenario 1, and 
run no. 6.17 is associated with hydrodynamic model scenario 6). 

The setup of the water quality model scenarios is described in this section. 

6.4.1 Components 
The water quality models were used to simulate six (6) different components (or pollutants), 
including: 

• Faecal coliforms (Escherichia coli, E. coli); 
• Dissolved Inorganic Nitrogen (DIN); 
• Ammonia; 
• Molybdate Reactive Phosphorus (MRP); 
• Biochemical Oxygen Demand (BOD); and 
• Total suspended solids (TSS). 

For some cases, particle tracking was used instead of pollutant loads in order to investigate the 
transport of non-decaying substances. 

6.4.2 Dispersion 
Dispersion describes the transport due to non-resolved processes in the 3D hydrodynamic 
model.  Horizontal dispersion is used to include the effects of non-resolved eddies and vertical 
dispersion is typically related to bed generated turbulence.   

The effects of horizontal and vertical dispersion were included in the transport model using a 
scaled eddy viscosity formula.  In this case, the dispersion coefficient was calculated as the 
eddy viscosity multiplied by a scaling factor.  The scaling factor was set to a value of 1 (the 
default value) for both horizontal and vertical dispersion. 
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6.4.3 Decay 
To simulate the time evolution of the various pollutants a decay rate was introduced. The decay 
rate was used to approximate the complex interactions between each pollutant and the 
environment within the estuary. 

The decay coefficients were established based on DHI’s experience of water quality modelling 
and previous experience in the Dublin Bay area. It is important to note that the use of an 
empirical constant coefficient, parameterises the processes taking place and does not 
specifically consider the dynamic interactions of a full ecological model.  

In the model the linear decay of a component is described by:  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑� = −𝑘𝑘𝑘𝑘 (1) 

dC/dt  s the decay rate (i.e. the change in concentration over time) 

c  is the specific concentration 

k  is the decay constant [s-1] 

Table 6.13 summarises the decay constants that were specified in the water quality model.   

Note that not all substances were simulated during all conditions (annual average, summer, 
winter or storm). 

The same decay rates were used in both the existing and future discharge scenarios. 

Table 6.8 Decay constants for water quality modelling conditions. 

Pollutant 
Decay Rate [s-1] 

Average Summer Winter Storm 

BOD 1.16 x 10-6   1.16 x 10-6 

TSS 0    

Ammonia 2.31 x 10-6    

DIN 6.75 x 10-7 1.16 x 10-6 1.93 x 10-7  

MRP 4.05 x 10-7 8.10 x 10-7 1.35 x 10-7  

E. coli  1.20 x 10-4 1.47 x 10-5 1.20 x 10-4 
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6.4.4 Source Concentrations 
In the transport model, a source concentration (pollutant load) can be specified for each point 
source.   

Figure 6.1 shows the location of all point sources in the hydrodynamic model scenarios, which 
include rivers, streams, canals, and inlets, as well as wastewater and industrial outfalls, in and 
around Dublin Bay.  As stated in section 6.3.1, not all point sources were included in every 
scenario. Table 6.1 summarises which sources were included in each of the seventeen 
hydrodynamic model scenarios. 

The source flux was calculated by the model as the product of the source discharge (flow rate 
from the hydrodynamic model) and the specified source concentration.  This flux enters into the 
model domain, such that the inflowing mass of the pollutant is initially distributed over the 
element where the source is located.  As a result, the concentration at the source location was 
often lower than the source concentration.  For low source concentration and/or low source flow 
rates, the pollutant may be rapidly diluted. 

6.4.4.1 Ringsend WwTP  
There are two-point sources for the Ringsend WwTP: 

• SW1, Primary Wastewater Discharge on the Lower Liffey and within the ESB Poolbeg 
Cooling Water Channel. 

• SW2, Storm Water Overflow Discharge, located approximately 500m upstream of SW1 on 
the Lower Liffey Estuary.   

A source concentration from SW1 was specified in each of the water quality scenarios. 

A source concentration from SW2 was only active during the summer storm scenarios. 

The concentrations of pollutants at SW1 and SW2 are given in Table 6.2.  These concentrations 
were provided by J.B. Barry/Irish Water in a Microsoft Excel document (dated 27th October 
2017). 

Unless otherwise stated as being “Time-varying” in Table 6.2, the concentrations were set as 
invariant values over the simulation period. 

For the summer storm conditions and the existing environment scenario, E. coli concentration 
were set according to measured values.  These data were taken from an analysis spreadsheet 
Ringsend wastewater treatment works operations and maintenance report for August 2014 (Ref. 
/16/). 

Figure 6.23 and Figure 6.24 show the E. coli concentrations as set for the primary wastewater 
discharge (SW1) and storm overflow discharge (SW2).  Daily measured pollutant concentrations 
at the primary wastewater discharge (SW1) were available for week days (Monday to Friday).  
On days with no available data, a nearest neighbour interpolation scheme was used to infer the 
pollutant load.  Daily measured pollutant concentrations at the storm water overflow discharge 
(SW2) were available for the 2nd August and 4th of August.  The concentrations at SW2 during 
the overflow events were set according to highest value during the storm. 

For the future discharge environment, the pollutant loads at the primary wastewater discharge 
(SW1) were set as invariant values in accordance with.  For the storm water overflow discharge 
(SW2), the pollutant loads were the same as the baseline scenario (Figure 6.25).  However, it 
should be noted that the occurrence of storm water overflow was reduced in the future scenarios 
due to the increased capacity of the upgraded WwTP (see section 6.3.1.2). 
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Figure 6.23 Time-series of concentration of E. coli from Ringsend WwTP outfall SW1 before, during and 
after the summer storm event (2nd – 3rd August 2014) for existing environment scenario. 

 

Figure 6.24 Time-series of concentration of E. coli from Ringsend WwTP storm water outfall SW2, 
before, during and after the summer storm event (2nd – 3rd August 2014) for existing 
environment scenario. 

 

Figure 6.25 Time-series of concentration of E. coli from Ringsend WwTP storm water outfall SW2, 
before, during and after the summer storm event (2nd – 3rd August 2014) for future discharge 
scenario. 
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6.4.4.2 Background Concentrations 
In the context of the present work, background concentrations refer to pollutant loads from the 
following point sources as included in the hydrodynamic model: 

• Rivers, streams, and canals; 
• Sewer overflows; and 
• Other wastewater and industrial outfalls. 

Background concentrations were not included in every water quality scenario.  In order to 
distinguish the influence of the Ringsend WwTP outfall, background concentrations were 
omitted.  These can be identified in Table 6.2 where the run description states “no background 
concentrations” (e.g. water quality scenario 1.09 and 3.04). 

Where included, the background water quality environment was set to represent one of four 
conditions (three generic background conditions and one specific background condition): 

• Annual average conditions; 
• Typical winter conditions; 
• Typical summer conditions; and  
• A summer storm scenario. 

Rivers, streams, and canals 
Table 6.9 summarises the pollutant concentrations that were specified within the rivers, streams, 
and canals for the annual, summer, and winter conditions.   

The concentration of pollutants from the major rivers in the model domain were determined from 
the monitoring efforts within the Upper Liffey Estuary and the Tolka Estuary (see section 4.3). 

The source concentrations of BOD, Ammonia, DIN, and MRP in the Liffey, Dodder, Grand Canal 
and Tolka were derived from observed data during the period 2013-2015 at the following 
locations: 

• DB010 – Liffey City, Heuston Station upstream of Cammock outfall; 
• DB120 – Dodder/Grand Canal basin; and 
• DB310 – Tolka downstream of Annesley Bridge. 

As no water quality measurements were available from the Rivers Camac and Santry or the 
Royal Canal, these values were approximated.  Values for the River Liffey were applied to the 
Camac, the Tolka was used to approximate the River Santry, and the Dodder was used for the 
Royal Canal.  No values were available for either the Elm Park Stream or the Trimleston 
Stream, and the source concentrations for these sources were set to zero in all modelling 
scenarios (with the specific exception of the Summer Storm scenario where data on E. coli were 
available). 

For Total Suspended Solids (TSS) only a single observation was available.  This sample was 
taken in the Upper Liffey Estuary at Wood Quay during June 2013.  The measured value of 5 
mg/l was applied within all rivers specified in the model.  The settling velocity for the suspended 
sediment was estimated to be 0.01 mm/s. 

Table 6.10 summarises the concentrations of E. coli that were set for a summer, winter and 
summer storm scenario.  For the storm scenario, the concentrations of E. coli were calculated 
based on summer time averages from the monitoring within the rivers of Dublin as described in 
section 4.3.2. 
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Table 6.9 River pollutant loads as specified in the water quality model scenarios for annual average, summer and winter conditions. 

 BOD [mg/l] TSS [mg/l] Ammonia [mg/l] DIN [mg/l N] MRP [mg/l P] 

River Annual Summer Winter Annual Summer Winter Annual Summer Winter Annual Summer Winter Annual Summer Winter 

Liffey 1.5   5   0.08   2.2 2.1 2.3 0.05 0.07 0.02 

Dodder 1   5   0.1   0.6 0.4 0.7 0.04 0.02 0.05 

Tolka 1   5   0.04   1.7 1.1 2.4 0.02 0.03 0.02 

Cammock 1.5   5   0.08   2.2 2.1 2.3 0.05 0.07 0.02 

Santry 2   5   0.04   1.7 1.1 2.4 0.02 0.03 0.02 

Royal Canal 1   5   0.1   0.6 0.4 0.7 0.04 0.02 0.05 

Grand Canal 1   5   0.1   0.6 0.4 0.7 0.04 0.02 0.05 

Sluice 3   5      2.8 2.8 2.8 0.06 0.06 0.06 

Mayne 5   5      2.1 2.1 2.1 0.09 0.09 0.09 

Elm Park Stream                

Trimleston Stream                
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Table 6.10 River pollutant loads as specified in the water quality model scenarios for the storm scenario. 

River 
E. coli [No./100ml] 

Summer  Winter Storm 

Liffey 250 250 3233 

Dodder 250 250 2059 

Tolka 250 250 5387 

Cammock 250 250 11621 

Santry 250 250 2996 

Royal Canal 250 250 2059 

Grand Canal 250 250 2059 

Sluice 250 250 1012 

Mayne 250 250 1000 

Elm Park Stream 250 250 4000 

Trimleston Stream 250 250 5792 

 

Other wastewater and industrial outfalls 
Table 6.11 summarises the pollutant concentrations that were specified for the various 
wastewater and industrial outfalls. 

Table 6.12 summarises the concentrations of E. coli that were set for the summer storm 
scenario. 

The concentrations for the Shanganagh WwTP Outfall and the GDD outfall were provided by the 
GDD project (Ref. /12/). 

At Doldrum Bay, the concentration of pollutants in the raw sewage were based on published 
data and on the information available from (Ref. /14/). 

The Dublin Combined Sewer Overflows were only active in the summer storm scenario.  The 
concentration of E. coli was assumed to be half of the raw sewage value.  This value was 
agreed between J.B. Barry and Irish Water. 

For the two power stations (Synergen and Covanta), it was assumed that clean water was 
discharged. 
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Table 6.11 Outfall pollutant loads as specified in the water quality model scenarios for annual average, summer and winter conditions. 

Outfall 
BOD [mg/l] TSS [mg/l] Ammonia [mg/l] DIN [mg/l N] MRP [mg/l P] 

Annual Summer Winter Annual Summer Winter Annual Summer Winter Annual Summer Winter Annual Summer Winter 

Shanganagh WwTP Outfall 7 7 7 0 0 0 0 0 0 14.4 14.4 14.4 3 3 3 

SynerGen Power Station 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Covanta WtE Plant 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GDD Outfall 25 25 25 0 0 0 0 0 0 50 50 50 10 10 10 

Doldrum Bay Outfall 350 350 350 5 5 5 45 45 45 60 60 60 10 10 10 

 

Table 6.12 Outfall pollutant loads as specified in the water quality model scenarios for summer storm conditions. 

Outfall 
E. coli [No./100ml] 

Summer Winter Storm 

Shanganagh WwTP Outfall 1.00 x 105 1.00 x 105 1.00 x 105 

SynerGen Power Station 0 0 0 

Covanta WtE Plant 0 0 0 

GDD Outfall 3.91 x 104 3.91 x 104 3.91 x 104 

Doldrum Bay Outfall 1.00 x 107 1.00 x 107 1.00 x 107 

Dublin Storm Water Overflows (SWO’s)   5.00 x 106 



  

142 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

6.4.5 Initial Concentrations 
The initial conditions of the various pollutants in the wider water quality model were set 
according to the long-term average values from sampling locations within Dublin Bay as 
described in Section 4.3.   

Table 6.13 shows the values set for annual average, summer, winter, and storm 
conditions.   

Table 6.13 Initial conditions specified for water quality modelling. 

Pollutant 
Initial Concentrations 

Average Summer Winter Storm 

BOD [mg/l] 0.75    

TSS [mg/l] 0    

Ammonia [mg/l] 0.02    

DIN [mg/l N] 0.09 0.05 0.2  

MRP [mg/l P] 0.02 0.02 0.02  

E. coli 
[No./100ml] 

 0 0 0 
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6.5 Validation of Existing Baseline Scenario 

Validation of the water quality model was performed by comparing modelled 
concentrations of DIN, MRP and BOD against observed data from the monitoring efforts 
within Dublin Bay, the Liffey Estuary, and the Tolka Estuary (see section 4.3.1). 

The hydrodynamic and transport model for summer and winter conditions were run for 
two consecutive spring-neap tidal cycles.  The first spring-neap tidal cycle was 
designated as a model “warm up” period.  The model results were therefore only 
extracted for the second spring-neap tidal cycle. 

The water quality model setup represented typical conditions during the period 2013-
2015 rather than specific events.  On the other hand, the discrete nature of the water 
quality sampling represents a greater variability due to the specific conditions at the time 
(for example meteorological events or tidal stage).  The water quality model validation 
was, therefore, assessed by comparing the statistical range of modelled and observed 
values with respect to the environmental quality standards (Table 6.14).  For DIN and 
MRP, this was based on the median concentration.  For BOD, the status was based on 
the concentration below which 95% of the data were found (or in other words, the 
concentration that is exceeded by 5% of the dataset). 

Note that, in most cases, the water quality sampling was heavily biased towards the 
summer months.  This gives greater statistical confidence in the water quality model 
performance during summer conditions. 

Table 6.14 Environmental Quality Standard (EQS) as specified in the European Communities 
Environmental Objectives Surface Waters 2009 (Ref. /4/). 

Parameter Description Transitional water body Coastal water body 

BOD 

European communities 
environmental objectives 
(surface waters) 
regulations 2009 

95 %ile concentration: 

≤ 4 mg/l  
N.A. 

DIN N.A. 

Median concentration: 

≤ 0.17 mg/l (High status) 

≤ 0.25 mg/l (Good status) 

MRP 
Median concentration: 

≤ 0.04 mg/l 
N.A. 
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6.5.1 Transitional Waters 
For the transitional waters (the Lower Liffey Estuary and Tolka Estuary) three locations 
were selected for water quality model validation. 

• DB210 – Lower Liffey Estuary, downstream of East Link Toll Bridge; 
• DB340 – Tolka Estuary, Clontarf Boat Club; and 
• DB420 – Lower Liffey Estuary, Poolbeg Lighthouse. 

These three were chosen as they represent three distinct areas within the estuary (see 
Figure 6.26).  Location DB210 was located on the Lower Liffey, upstream of the 
Ringsend WwTP outfall.  DB340 represents the conditions in the Tolka Estuary.  Finally, 
DB420 was located downstream of the Ringsend WwTP outfall at the Poolbeg 
Lighthouse by the entrance to Dublin Harbour.  

 

Figure 6.26 Map of Dublin Harbour and Dublin Bay showing locations of water quality 
monitoring stations chosen for water quality model validation.  Blue dots show the 
location in the transitional waters.  Orange dots show the locations in coastal 
waters. 

BOD 
Figure 6.27 shows observed and modelled concentration of BOD at DB210, DB340 and 
DB420.   

In all cases the 95-percentile concentration of BOD (signified by the whiskers in Figure 
6.27) were below the Environmental Quality Standards (EQS) for transitional surface 
waters in both the observed sampling datasets and the model predictions.   

MRP 
Figure 6.27 shows observed and modelled surface concentration of MRP at DB210, 
DB340 and DB420. 

At all three locations, the modelled concentrations of MRP were found to provide a very 
good description of the observed concentrations.  

At location DB210 and DB420, median MRP concentrations were lower than the EQS 
for transitional waters for both modelled and observed data and provide a very good 
validation. 
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Within the Tolka Estuary at DB340, the observed summer surface samples gave median 
concentration of MRP that was slightly above the EQS for transitional waters. Whereas 
the model gave a median concentration that was slightly below the EQS.  The difference 
is most likely due to the discrete nature of the water quality sampling where one or two 
relatively high samples skew the distribution.  Notwithstanding, the range of the model 
results show it is well matched to the 25-75% range of the observed samples.  This 
gives confidence in the representation of MRP concentrations in coastal waters by the 
water quality model. 

 

Figure 6.27 Concentration of observed and modelled BOD in the transitional waters (surface 
sample), representing averaging period 2013 – 2015.  Horizontal orange line shows 
the median concentration.  The blue box shows the range of the range of the 25 – 
75% quantile and whiskers show the range of the 5 – 95% quantile.  The dashed 
green lines show the environmental quality standard for good status. 

 

 

Figure 6.28 Concentration of observed and modelled MRP in the transitional waters (surface 
sample), representing averaging period 2013 – 2015.  Horizontal orange line shows 
the median concentration.  The blue box shows the range of the range of the 25 – 
75% quantile and whiskers show the range of the 5 – 95% quantile.  The dashed 
green lines show the environmental quality standard for good status. 
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6.5.2 Coastal Waters 
For the coastal waters sites three locations were selected for water quality model 
validation. 

• DB510 – 2.5 kilometres ENE of Poolbeg Lighthouse; 
• DB550 – No. 4 Buoy, 2.5 kilometres E of S. Poolbeg Lighthouse; and 
• DB570 – 5 kilometres ESE of Poolbeg Lighthouse. 

The three locations represent the northern, southern and outer areas within Dublin Bay 
(see Figure 6.26). 

DIN 
Figure 6.29 shows observed and modelled concentration of DIN at DB510, DB550 and 
DB570. 

The median concentration from both the observed and modelled data satisfied the  
EQS for high status in coastal waters.  

 

Figure 6.29 Concentration of observed and modelled DIN in the coastal waters (composite 
sample) during summer conditions (average over 2013 – 2015).  Horizontal orange 
line shows the median concentration.  The blue box shows the range of the range of 
the 25 – 75% quantile and whiskers show the range of the 5 – 95% quantile.  The 
dashed blue and green lines show the environmental quality standard for high 
status and good status, respectively. 

6.5.3 Summary of Water Quality Model Validation 
It is apparent from the above model validation that even with the discrete nature of the 
sampling programme, the water quality model represented the key processes of 
pollutant dispersal.   

The hydrodynamic and water quality models represented the decay of the measured 
indicators. With the previous knowledge of the model validity for the principal physical 
controls, it was assessed that the model was suitable for the assessment of the changes 
to be implemented as part of the future scenario modelling. It was considered that the 
modelling is relevant for producing difference plots showing the change due to the 
proposed scheme.  
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7 Scenario Modelling Results 
The results of the hydrodynamic and water quality model scenarios (existing and future 
discharge environment) as outlined in Section 6 are presented in the following section.  

The hydrodynamic and transport model were run for two (2) consecutive spring-neap 
tidal cycles.  The first of these cycles was designated as a model spin-up period and the 
analysis was only performed on results from the second spring-neap tidal cycle.  The 
exception was for the summer storm scenarios, where only the two-day storm event 
from 2nd – 3rd August 2014 was considered (again following a suitable model spin up 
period). The focus of these modelling scenarios is on understanding the changes from 
the existing situation to the “with scheme” situation.  

7.1 Hydrodynamics 

The changes in the hydrodynamics as described in section 6.2 and summarised in 
Table 6.1.  The principal changes to the sources and structures that may impact on the 
flow in the estuary and Dublin Bay were: 

• Increase in the discharge water volumes from the Ringsend WwTP; 
• Discharge of relatively high temperature water from the Covanta WtE plant outfall; 

and 
• Repair of the ESB cooling water channel and weir at the Ringsend WwTP outfall. 

As the effluent from Ringsend WwTP is discharged to the surface waters of the Lower 
Liffey Estuary, changes in the surface currents were identified as the most pertinent 
hydrodynamic receptor.  The information below summarises modification to the surface 
currents between the baseline and future discharge hydrodynamic modelling scenarios. 

7.1.1 Existing and Future Discharge Environments - Average Conditions 
The surface current speed during average conditions for the existing (hydrodynamic 
scenario 1) and future discharge environment (hydrodynamic scenario 6) are shown for 
near-spring ebb and flood conditions in Figure 7.1 and Figure 7.2, respectively.  The 
difference in surface current speeds are also shown, to identify changes between the 
scenarios. 

During ebb tide, there were some localised areas of increased surface current speed 
along the South Poolbeg Wall, downstream of the Ringsend WwTP and in Dublin Bay, 
just beyond the terminus of the Poolbeg wall.  However, the magnitude of these current 
speed changes (0.02 – 0.04 m/s) were small in comparison to the background 
conditions (up to 0.5 m/s).  

During flood tide, there were no identified areas of increased/decreased surface current 
speeds. 

The density at the water surface during average conditions for the existing 
(hydrodynamic scenario 1) and future discharge environment (hydrodynamic scenario 6) 
are shown for near-spring ebb and flood conditions in Figure 7.3 and Figure 7.4, 
respectively.  The difference in water density at the surface are also shown. 
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Figure 7.1 Surface current speeds during near-spring ebb tide. Upper-left panel: hydrodynamic 
model scenario 1 – existing environment, average conditions. Upper-right panel: 
hydrodynamic model scenario 6 – future discharge, average conditions.  Lower 
panel: difference between future discharge and existing environment.  Orange 
(blue) shaded areas show increased (decreased) surface current speed. 
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Figure 7.2 Surface current speeds during near-spring flood tide. Upper-left panel: 
hydrodynamic model scenario 1 – existing environment, average conditions. Upper-
right panel: hydrodynamic model scenario 6 – future discharge, average conditions.  
Lower panel: difference between future discharge and existing environment.  
Orange (blue) shaded areas show increased (decreased) surface current speed. 
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Figure 7.3 Density of surface waters during near-spring ebb tide. Upper-left panel: 
hydrodynamic model scenario 1 – existing environment, average conditions. Upper-
right panel: hydrodynamic model scenario 6 – future discharge, average conditions.  
Lower panel: difference between future discharge and existing environment.  
Orange (blue) shaded areas show increased (decreased) water density at the 
surface. 

 



Scenario Modelling Results  

 151 

  

 

Figure 7.4 Density of surface waters during near-spring flood tide. Upper-left panel: 
hydrodynamic model scenario 1 – existing environment, average conditions. Upper-
right panel: hydrodynamic model scenario 6 – future discharge, average conditions.  
Lower panel: difference between future discharge and existing environment.  
Orange (blue) shaded areas show increased (decreased) water density at the 
surface. 
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7.2 Water Quality Scenarios 

The output from the water quality model scenarios are presented as maps showing the 
concentration and fate of various pollutants in Dublin Bay and its estuaries.  For some 
scenarios, maps were also produced to show the change in concentration between 
existing and future discharge environments.  

Result maps were produced for all the water quality mode scenarios listed in Table 6.2.   

A subset of these results is included in the following sections.  The selection of which 
‘water quality model runs’ to include was provided by JB Barry in consultation with Irish 
water and are summarised in Table 7.1. 

The outputs from all water quality model simulations are supplied in a digital format as 
described in Appendix C. 
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Table 7.1 Water quality model runs included in results presentation. 

Water quality model scenario Water quality model scenario for 
comparison Analysis 

Run No. Description Run No. Comparison Type Section 

1.01 BOD – average, existing environment 6.01 BOD – average, future discharge 
environment 

Ex
is

tin
g 

an
d 

fu
tu

re
  

di
sc

ha
rg

e 
en

vi
ro

nm
en

ts
 

7.2.1.1 

1.02 BOD – peak concentration, existing 
environment 6.02 BOD – peak concentration, future 

discharge environment 7.2.1.1 

1.03 TSS – average, existing environment 6.03 TSS – average, future discharge 
environment 7.2.1.2 

1.04 TSS – peak concentration, existing 
environment 6.04 TSS – peak concentration, future 

discharge environment 7.2.1.2 

1.06 Ammonia (total and un-ionised) – 
existing environment 6.06 Ammonia (total and un-ionised) – 

future discharge environment 7.2.1.3 

1.07 DIN – average, existing environment 6.07 DIN – average, future discharge 
environment 7.2.1.4 

1.08 MRP – average, existing environment 6.08 MRP– average, future discharge 
environment 7.2.1.5 

2.01 BOD – peak discharge, existing 
environment 7.01 BOD – peak discharge, future 

discharge environment 7.2.1.1 

2.02 TSS – peak discharge, existing 
environment 7.02 TSS – peak discharge, future 

discharge environment 7.2.1.2 

3.01 DIN – winter, existing environment 8.01 DIN – winter, future discharge 
environment 7.2.1.4 

3.02 MRP – winter, existing environment 8.02 MRP – winter, future discharge 
environment 7.2.1.5 

4.01 DIN – summer, existing environment 9.01 DIN – summer, future discharge 
environment 7.2.1.4 

4.02 MRP – summer, existing environment 9.02 MRP – summer, future discharge 
environment 7.2.1.5 

4.05 E. coli – summer, existing 
environment 9.05 E. coli – summer, future discharge 

environment 7.2.1.6 

5.01 E. coli – storm, existing environment 10.01 E. coli – storm, future discharge 
environment 7.2.1.6 

1.01 BOD – average, existing environment 1.02 BOD – peak concentration, existing 
environment 

C
on

st
ru

ct
io

n 
im

pa
ct

s 7.2.2 

1.03 TSS – average, existing environment 1.04 TSS – peak concentration, existing 
environment 7.2.2 

6.09 Conservative tracer – average, future 
discharge environment 11.07 

Conservative tracer – average, future 
Discharge (Poolbeg Power Station 
On) 

C
um

ul
at

iv
e 

 
im

pa
ct

s 

7.2.4.1 

6.09 Conservative tracer – average, future 
discharge environment 14.01 Conservative tracer – average, future 

Discharge (ESB channel repaired) 7.2.4.2 

6.09 Conservative tracer – average, future 
discharge environment 15.01 

Conservative tracer – average, future 
Discharge (Alexandra Basin 
Redeveloped) 

7.2.4.3 
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7.2.1 Existing and Future Discharge Environment 

Representative concentrations 
The mapped concentrations were determined statistically based on the entire simulation 
period for each water quality model run. For example, the pollutant levels are at or 
below the 95 percentiles 95% of the time (and are conversely exceeded 5% of the time).  
Similarly, the load is equal to or below the 50-percentile concentration 50% of the time, 
and exceeded 50% of the time (this is the definition of the median concentration).  

The representative concentration for each of the modelled pollutant were as follows: 

• BOD, the 95-percentile concentration over a spring-neap tidal cycle; 
• TSS, the 95-percentile concentration over a spring-neap tidal cycle; 
• Ammonia (total), the 95-percentile concentration over a spring-neap tidal cycle; 
• Ammonia (un-ionised), the 50-percentile (i.e. median) concentration over a spring-

neap tidal cycle; 
• DIN, the 50-percentile (i.e. median) concentration over a spring-neap tidal cycle; 
• MRP, the 50-percentile (i.e. median) concentration over a spring-neap tidal cycle; 

and 
• E. coli. the 95-percentile concentration over a spring-neap tidal cycle. 

The list above distinguishes between total ammonia and un-ionised ammonia.  It is the 
un-ionised form that is toxic to marine life such as fish and, therefore, has been 
considered for water quality.  The concentration of un-ionised ammonia was determined 
from the concentration of total ammonia.  The precise relationship between these two 
forms is difficult to quantity and is dependent on pH and temperature.  However, it was 
agreed with Irish Water that as a conservative estimate, un-ionised ammonia 
concentrations can be approximated as 2.5% of total ammonia. 

For each water quality run, results maps were produced for three (3) different vertical 
reference levels: 

• Concentration at water surface level; 
• Depth-average concentration; and 
• Concentration at mid-layer of the water column. 

Environmental Quality Standard (EQS) 
The maps have been colour coded to show the areas that attain (or otherwise exceed) 
the relevant Environmental Quality Standards (EQS).  These values and their 
representative colour codes are summarised in Table 7.2. 

The EQS values for BOD, DIN, MRP and E.coli were set according to criteria specified 
within the European Communities Environmental Objectives for Surface Waters (Ref. 
/4/) and Bathing Waters (Ref. /5/) (see Table 3.2 and Table 3.3).  

For total ammonia, there are no EQS specified for transitional or coastal water bodies in 
the European Communities Environmental Objectives for Surface Waters (Ref. /4/).  
Instead the criteria for river water bodies and lakes is applied.  This states that 
concentrations should be below 0.09 mg/l (high status) and 0.140 mg/l (good status) 
based on 95% of samples. 

For un-ionised ammonia, the EQS was based on those proposed by SEPA (REF) of 
0.021 mg/l as an annual mean for estuarine and coastal waters for the protection of 
saltwater fish and shellfish.   

For total suspended solids, no quantitative EQS are specified within the European 
Communities Environmental Objectives for Surface Waters (Ref. /4/).  The results are 
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shown on a scale between 5 mg/l and 35 mg/l.  The following general criteria may be 
used to assess the clarity of the water: clear (< 20 mg/l), cloudy (> 35 mg/l). 

Table 7.2 Environmental Quality Standard (EQS) and representative colours used for water 
quality model results presentation. 

Pollutant 
Environmental Quality Standard (EQS) 

White Blue Green Yellow Orange 

BOD [mg/l] ≤4 ≤8  >8  N/A N/A 

TSS [mg/l] ≤5 ≤10  ≤25  ≤35 >35 

Ammonia (total) [mg 
N/l] ≤0.09 ≤0.14  ≤0.28 >0.28 N/A 

Ammonia (un-ionised) ≤0.005 ≤0.01 ≤0.021 >0.021 N/A 

DIN [mg N/l] ≤0.17 ≤0.25 ≤1.4 ≤2.6 >2.6 

MRP [mg P/l] ≤0.04 ≤0.08 ≤0.16 >0.16 N/A 

E. coli [No./100ml] ≤250 ≤500 ≤1000 >1000 N/A 

 

7.2.1.1 Biochemical Oxygen Demand (BOD) 
For the existing and future discharge environment scenarios, depth-average 
concentration of BOD exceeded the EQS of 4 mg/l for transitional waters during annual 
average, peak discharge, and peak flow conditions (see upper panel of Figure 7.5, 
Figure 7.6, and Figure 7.7, respectively).  The area of exceedance above the EQS was 
limited to the vicinity of the Ringsend WwTP outfall and immediately downstream 
adjacent to the South Poolbeg Wall.  Concentrations within the Upper Liffey Estuary and 
the Tolka Estuary were within the EQS for transitional waters. 

The difference between the future discharge and existing environments showed a 
reduction in depth-average BOD concentrations within the estuaries.  For the annual 
average conditions, this reduction was seen along the South Poolbeg Wall, downstream 
of the WwTP outfall (see lower panel of Figure 7.5).  For both the peak discharge and 
peak flow scenarios, the results also show a reduction in BOD concentration within the 
Tolka Estuary (lower panels of Figure 7.6, and Figure 7.7). 

7.2.1.2 Total Suspended Solids (TSS) 
For the existing and future discharge environment scenarios, depth-average 
concentration of TSS were largest in the immediate vicinity of the Ringsend WwTP 
outfall (see upper panel of Figure 7.8, Figure 7.9, and Figure 7.10 respectively).  The 
maximal concentration was higher in the existing environment (up to 35 mg/l) than for 
the future discharge scenario (up to c. 25 mg/l).   

The difference between the future discharge and existing environments showed a 
reduction in depth-average TSS concentrations within the Liffey and Tolka estuaries 
(see lower panel of Figure 7.8-Figure 7.10).  The largest reduction was along the South 
Poolbeg Wall, downstream from the Ringsend WwTP outfall. 
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7.2.1.3 Ammonia 
In the existing environment, depth-average concentration of total ammonia shows 
values that exceed 0.14 mg/l in much of the Lower Liffey Estuary and the whole of the 
Tolka Estuary (see upper-left panel of Figure 7.11).  In the future discharge scenario, 
however, the areas of high total ammonia concentration were restricted to the area of 
the Lower Liffey Estuary around the Ringsend WwTP outfall and the South Poolbeg 
Wall (see upper-right panel of Figure 7.11).   

The change in the water quality environment was an overall reduction in the 
concentration of total ammonia in the estuaries (see lower panel of Figure 7.11) 

For un-ionised form of ammonia, concentration of above 0.01 mg/l were modelled 
downstream of the Ringsend WwTP (upper-left panel of Figure 7.12).  For the future 
discharge environment, there were no areas with concentration above 0.005 mg/l 
outside of the Ringsend WwTP outfall channel (upper-right panel of Figure 7.12).   

The change in the water quality environment was an overall reduction in the 
concentration of un-ionised ammonia in the estuaries (see lower panel of Figure 7.12). 

7.2.1.4 Dissolved Inorganic Nitrogen (DIN) 
DIN is the principal limiting factor in coastal waters and the impact of exceeding the 
EQS could lead to conditions with the potential to be eutrophic.  It is noted that the EQS 
for DIN do not apply within the transitional water bodies (i.e. the estuaries). 

During average conditions, the concentration of DIN in the coastal waters achieved the 
EQS for high status (median concentration ≤ 0.17 mg/l) in both the existing and future 
discharge environment (see upper panels of Figure 7.13). 

During winter conditions, the concentration of DIN in the coastal waters achieved the 
EQS for high status (median concentration ≤ 0.17 mg/l) in the south of Dublin Bay in 
both the existing and future discharge environment.  In the north of Dublin Bay, the EQS 
for good status (median concentration ≤ 0.25 mg/l) was achieved. 

During summer conditions, the concentration of DIN in the coastal waters achieved the 
EQS for high status (median concentration ≤ 0.17 mg/l) in both the existing and future 
discharge environment (see upper panels of Figure 7.15). 

There was no overall significant change in the coastal waters with respect to 
concentrations of DIN during average, winter or summer conditions (see lower panels of 
Figure 7.13, Figure 7.14 and Figure 3.1Figure 7.15). 

7.2.1.5 Molybdate Reactive Phosphate (MRP) 
MRP is a limiting nutrient in transitional water bodies.  It is noted that the EQS for MRP 
does not apply in the coastal water bodies. 

During average, winter and summer conditions, the concentration of MRP in the existing 
environment scenario exceeded the EQS of 0.04 mg/l along the South Poolbeg Wall 
and within Tolka Estuary (upper-left panels of Figure 7.16, Figure 7.17 and Figure 7.18).  

In the future discharge scenario, the areas with MRP concentration above the EQS were 
restricted to the area downstream of the Ringsend WwTP outfall and adjacent to the 
South Poolbeg Wall Figure 7.17 (upper-right panels of Figure 7.16, Figure 7.17 and 
Figure 7.18).  
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There was an overall decrease in the concentration of MRP for the future discharge 
scenario within the transitional waters during average, winter and summer conditions 
(see lower panel of Figure 7.16, Figure 7.17 and Figure 7.18). 

7.2.1.6 E.coli  
During summer conditions, there was an overall increase in E.coli concentration in the 
Lower Liffey and Tolka estuaries in the future discharge environment (lower panel of 
Figure 7.19).  The predicted increase was since the volume of effluent discharged 
during summer conditions was ~40% larger in the future discharge environment, 
whereas the concentration of E.coli in the treated effluent was invariant at 1.00x105 per 
100 ml.  As a result, the total pollutant load discharged in the future scenario was larger, 
and this is reflected in the elevated concentrations in the Liffey Estuary. 

Bathing Waters 
There are three EU designated beaches within Dublin Bay: Dollymount Strand, 
Sandymount Strand, and Merrion Strand (see Figure 3.2).   

The results of the water quality modelling scenarios show that there was no 
deterioration in the water quality at the three bathing waters and that excellent quality is 
predicted at each of the beaches.   
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Figure 7.5 Concentration of BOD [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.01 – existing environment, average conditions. Upper-right panel: 
water-quality model scenario 6.01 – future discharge, average conditions.  Lower 
panel: difference between scenario 6.01 and 1.01 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.6 Concentration of BOD [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.02 – existing environment, average conditions, peak discharge. 
Upper-right panel: water-quality model scenario 6.02 – future discharge, average 
conditions, peak discharge.  Lower panel: difference between scenario 6.02 and 
1.02 with orange (blue) shaded areas show increased (decreased) in concentration. 
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Figure 7.7 Concentration of BOD [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 2.01 – existing environment, peak flow conditions. Upper-right 
panel: water-quality model scenario 7.01 – future discharge, peak flow conditions.  
Lower panel: difference between scenario 7.01 and 2.01 with orange (blue) shaded 
areas show increased (decreased) in concentration. 
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Figure 7.8 Concentration of TSS [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.03 – existing environment, average conditions. Upper-right panel: 
water-quality model scenario 6.03 – future discharge, average conditions.  Lower 
panel: difference between scenario 6.01 and 1.01 with orange (blue) shaded areas 
show increased (decreased) in concentration. 



  

162 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

  

 

Figure 7.9 Concentration of TSS [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.04 – existing environment, average conditions, peak discharge. 
Upper-right panel: water-quality model scenario 6.04 – future discharge, average 
conditions, peak discharge.  Lower panel: difference between scenario 6.04 and 
1.04 with orange (blue) shaded areas show increased (decreased) in concentration. 
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Figure 7.10 Concentration of TSS [mg/l, 95%ile, depth-average]. Upper-left panel: water-quality 
model scenario 2.01 – existing environment, peak flow conditions. Upper-right 
panel: water-quality model scenario 7.01 – future discharge, peak flow conditions.  
Lower panel: difference between scenario 7.01 and 2.01 with orange (blue) shaded 
areas show increased (decreased) in concentration. 

  



  

164 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

 

  

 

Figure 7.11 Concentration of total ammonia [mg/l, 95%ile, depth-average]. Upper-left panel: 
water-quality model scenario 1.06 – existing environment, average conditions. 
Upper-right panel: water-quality model scenario 6.06 – future discharge, average 
conditions.  Lower panel: difference between scenario 6.06 and 1.06 with orange 
(blue) shaded areas show increased (decreased) in concentration. 
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Figure 7.12 Concentration of un-ionised ammonia [mg/l, 50%ile, depth-average]. Upper-left 
panel: water-quality model scenario 1.06 – existing environment, average 
conditions. Upper-right panel: water-quality model scenario 6.06 – future discharge, 
average conditions.  Lower panel: difference between scenario 6.06 and 1.06 with 
orange (blue) shaded areas show increased (decreased) in concentration. 
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Figure 7.13 Concentration of DIN [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.07 – existing environment, average conditions. Upper-right panel: 
water-quality model scenario 6.07 – future discharge, average conditions.  Lower 
panel: difference between scenario 6.07 and 1.07 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.14 Concentration of DIN [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality 
model scenario 3.01 – existing environment, winter conditions. Upper-right panel: 
water-quality model scenario 8.01 – future discharge, winter conditions.  Lower 
panel: difference between scenario 8.01 and 3.01 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.15 Concentration of DIN [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality 
model scenario 4.01 – existing environment, summer conditions. Upper-right panel: 
water-quality model scenario 9.01 – future discharge, summer conditions.  Lower 
panel: difference between scenario 9.01 and 4.01 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.16 Concentration of MRP [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality 
model scenario 1.08 – existing environment, average conditions. Upper-right panel: 
water-quality model scenario 6.08 – future discharge, average conditions.  Lower 
panel: difference between scenario 6.08 and 1.08 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.17 Concentration of MRP [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality 
model scenario 8.02 – existing environment, winter conditions. Upper-right panel: 
water-quality model scenario 8.02 – future discharge, winter conditions.  Lower 
panel: difference between scenario 8.02 and 3.02 with orange (blue) shaded areas 
show increased (decreased) in concentration. 
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Figure 7.18 Concentration of MRP [mg/l, 50%ile, depth-average]. Upper-left panel: water-quality model 
scenario 4.02 – existing environment, summer conditions. Upper-right panel: water-quality model 
scenario 9.02 – future discharge, summer conditions.  Lower panel: difference between scenario 
9.02 and 4.02 with orange (blue) shaded areas show increased (decreased) in concentration. 

 
  



  

172 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

  

 

Figure 7.19 Concentration of E. coli [No/100 m/l, 95%ile, surface]. Upper-left panel: water-
quality model scenario 4.05 – existing environment, summer conditions. Upper-right 
panel: water-quality model scenario 9.05 – future discharge, summer conditions.  
Lower panel: difference between scenario 4.05 and 9.05 with orange (blue) shaded 
areas show increased (decreased) in concentration. 
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Figure 7.20 Concentration of E. coli [No/100 m/l, 95%ile, surface]. Upper-left panel: water-
quality model scenario 5.01 – existing environment, storm conditions. Upper-right 
panel: water-quality model scenario 10.01 – future discharge, storm conditions.  
Lower panel: absolute difference between scenario 10.01 and 5.01 with orange 
(blue) shaded areas show increased (decreased) in concentration. 
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7.2.2 Construction Impacts 
As it is anticipated that the upgrade and refit of the Ringsend WwTP will overlap, Irish 
Water requested that consideration be given to the effects of peak events during this 
phase (so called construction impacts).  The potential effects of construction impacts 
were predicted by comparing the peak and average flow scenarios during the existing 
environmental conditions (see construction impacts in Table 7.1). 

Figure 7.21 shows absolute and percentage change in the 95-percentile depth-average 
concentration of BOD. 

Figure 7.22 shows absolute and percentage change in the 95-percentile depth-average 
concentration of TSS. 
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Figure 7.21 Construction impact. Difference in concentration of BOD based on water quality 
model scenario 1.02 – existing environment, peak discharge, and 1.01 – existing 
environment, average conditions.  Upper panel: absolute difference in concentration 
[mg/l, 95%ile, depth-average].  Lower panel: percentage change [95%ile, depth-
average] 
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Figure 7.22 Construction impact. Difference in concentration of TSS based on water quality 
model scenario 1.04 – existing environment, peak discharge, and 1.03 – existing 
environment, average conditions.  Upper panel: absolute difference in concentration 
[mg/l, 95%ile, depth-average].  Lower panel: percentage change [95%ile, depth-
average] 
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7.2.3 Risk Assessment 
The risk assessment considers the effects on the water quality environment of a 3-day 
continuous discharge from the Ringsend WwTP with no background concentrations.  
This was simulated by water quality mode scenario 6.18 (see Table 6.2).  The pollutant 
selected for this scenario was BOD with a concentration of 240 mg/l (untreated) and the 
release coincided with start of spring-tide conditions in Dublin. 

Figure 7.23 shows snapshots of the instantaneous concentration of BOD in the Dublin 
Bay and its estuaries every 6-hours during the 3-day continuous discharge.  

Figure 7.24 shows snapshots of the instantaneous concentration of BOD in Dublin Bay 
and its estuaries after the end of the 3-day continuous discharge.  It can be observed 
that 24-hours after the spill only area in the upper Tolka Estuary and behind Bull Island 
show elevated levels of BOD.  All the BOD has dispersed/decayed 66-hours after the 
end of the spill. 
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+ 6-hours after start of release +12-hours after start release 

  

+ 18-hours after start of release +24-hours after start release 

  

+ 30-hours after start of release +36-hours after start release 

  

Figure 7.23 Snapshot of concentration of BOD [mg/l, surface] every 6-hours during a 72-hour 
period - water quality model scenario 6.18, BOD – 3 Day Untreated Discharge).  
Vectors show the magnitude and direction of the depth-average current velocity. 
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+ 42-hours after start of release +48-hours after start release 

  

+ 54-hours after start of release +60-hours after start release 

  

+ 66-hours after start of release + 72-hours after start of release 

  

Figure 7.34  (continued) Snapshot of concentration of BOD [mg/l, surface] every 6-hours during 
a 72-hour period - water quality model scenario 6.18, BOD – 3 Day Untreated 
Discharge).  Vectors show the magnitude and direction of the depth-average 
current velocity. 
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+ 6-hours after end of release +12-hours after end release 

  

+ 18-hours after end of release +24-hours after end release 

  

+ 30-hours after end of release +36-hours after end release 

  

Figure 7.24 Snapshot of concentration of BOD [mg/l, surface] every 6-hours after end of 72-
hour period - water quality model scenario 6.18, BOD – 3 Day Untreated 
Discharge).  Vectors show the magnitude and direction of the depth-average 
current velocity. 
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+ 42-hours after end of release +48-hours after end release 

  

+ 54-hours after end of release +60-hours after end release 

  

+ 66-hours after end of release  

 

 

Figure 7.35  (continued) Snapshot of concentration of BOD [mg/l, surface] every 6-hours after 
end of 72-hour period - water quality model scenario 6.18, BOD – 3 Day Untreated 
Discharge).  Vectors show the magnitude and direction of the depth-average 
current velocity. 
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7.2.4 Cumulative Impacts 
Cumulative impacts seek to investigate the effects of other future infrastructure changes 
that may impact on the water quality environment of Dublin Bay and its estuaries.  
These include the following:  

• Scenario 11.07 – Future Discharge – Average Conditions with Poolbeg Power 
Station running (see Section 6.3.1.4); 

• Scenario 11.07 – Future Discharge – Repair of the ESB Cooling Water Channel 
(see Section 6.3.2); and 

• Scenario 11.07 – Future Discharge – Alexandra Basin Redevelopment Scheme 
(see Section 6.3.2). 

The fate of substances released from the Ringsend WwTP were modelled as a 
conservative tracer; passive, non-decaying particles.  The trajectories of particles 
released from the above scenario are plotted alongside the particles from scenario 6.09 
(Future discharge – average conditions) to understand the cumulative impact effects. 

For these runs, six passive particles are released at the top of every hour for 24 hours 
on four (4) separate days throughout the spring-neap tidal cycle.  The release days 
reflect a range of tidal and conditions (see Table 7.3).   

The particles do not decay but are only tracked for 48 hours (2 days) after the time of 
release.  Horizontal and vertical diffusion are included (the dispersion describes the 
transport due to molecular diffusion and due to non-resolved turbulence or eddies). 

Table 7.3 Tidal stage during particle release days for the cumulative impacts assessment. 

Day Tide Stage 

3 Intermediate (near-spring) 

5  Spring 

11 Neap 

13 Intermediate (neap-neap) 
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7.2.4.1 Poolbeg Power Station 
 

  

  

Figure 7.25 Conservative tracer particles released to surface waters at Ringsend WwTP outfall 
on Lower Liffey.  Particles tracks show position over a period of 48-hours from time 
of release.  Blue tracks show particles from water quality model run 11.07 – Future 
discharge environment with Poolbeg Power Station On.  Orange tracks show water 
quality model run 6.09 – Future discharge, average conditions.  The four plots show 
particles released during day 3 (upper panel, left), day 5 (upper panel, right), day 11 
(lower panel, left) and day 13 (lower panel, right). 
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7.2.4.2 ESB Cooling Water Channel Repair 
 

  

  

Figure 7.26 Conservative tracer particles released to surface waters at Ringsend WwTP outfall 
on Lower Liffey.  Particles tracks show position over a period of 48-hours from time 
of release.  Blue tracks show particles from water quality model run 14.01 – Future 
discharge environment, with ESB cooling water channel repaired.  Orange tracks 
show water quality model run 6.09 – Future discharge environment, average 
conditions.  The four plots show particles released during day 3 (upper panel, left), 
day 5 (upper panel, right), day 11 (lower panel, left) and day 13 (lower panel, right). 
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7.2.4.3 Alexandra Basin Redevelopment 
 

  

  

Figure 7.27 Conservative tracer particles released to surface waters at Ringsend WwTP outfall 
on Lower Liffey.  Particles tracks show position over a period of 48-hours from time 
of release.  Blue tracks show particles from water quality model run 15.01 – Future 
discharge environment with Alexandra Basin Redeveloped.  Orange tracks show 
water quality model run 6.09 – Future discharge, average conditions.  The four plots 
show particles released during day 3 (upper panel, left), day 5 (upper panel, right), 
day 11 (lower panel, left) and day 13 (lower panel, right). 

 



  

186 26800565_ringsend_wwtp_wqmodelling_final_may2018.docx / mce / May-2018 

This page has been left blank intentionally. 

  



Conclusions  

 187 

8 Conclusions 
This report details the investigations undertaken to assess the potential changes to the 
water environment due to the proposed alterations to the Ringsend WwTP.  

8.1 Changes to the Hydrodynamic Conditions 

As the principal control on the results of the modelling, the impact of the hydrodynamics 
is critical to the representativeness of the tested water quality scenarios. As detailed in 
the calibration stage of the study, the model generally showed a good comparison to the 
measured data in Dublin Bay and the Lower Liffey Estuary.  

This study has shown that overall, tidal currents are relatively weak in the Liffey and the 
Tolka, with the ability for freshwater flow and other discharges to the estuaries to either 
dominate or play an important part in the dynamics. This is visibly evidenced around the 
Ringsend outfall by frontal features delineating fresher/saltier water at various stages of 
the tide as shown in Figure 8.1. It is also noted from this figure that the model captures 
this variability. 

 

 

Figure 8.1 Example of surface frontal features observed in the Lower Liffey mixing fresh water 
from a range of sources (top panel) and the model representation of salinity for an 
example timestep (bottom panel). 
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Therefore, when considering the 3D structure of the water column of the Lower Liffey it is 
noted that there is a high degree of complexity, with a pronounced salinity stratification 
passing the Ringsend outfall on the rise and fall of the tide.  

The difference between surface and at depth flow magnitude and directions is 
noticeable in the area around Ringsend, with the possibility for the two to be opposed at 
particular states of the tide. For the interaction with the plume from Ringsend, it is noted 
that most of the interaction will be at the surface, as the freshwater from the WwTP will 
typically be less dense than the surrounding estuary.  

In addition, the location at the confluence of the Liffey and the Tolka leads to additional 
complexity. The wider mouth to the Tolka leading to surface flow tending to pass 
Ringsend and enter the Tolka on the flood tide, rather than flow up the Liffey.  

Under the flood flow conditions tested in the storm scenarios, it has been seen that the 
combined flow of the rivers can dominate the lower estuary with freshwater flows.  

Comparing the pre- and post-scheme changes in hydrodynamics, the dominant change 
is that caused by implementing the proposed repairs to the sheetpiles and weir in the 
ESB outfall channel. In its current dilapidated state, it can be seen that flow exits in the 
direction of the Liffey on the flood tide and remains constrained towards the South Bull 
Wall typically. Post remediation, the flow over the easterly end of the weir leads to a 
slight change in the position of the surface water flows, which is sufficient to lead to a 
small increase in water from the vicinity or Ringsend into the lower Tolka.  

8.2 Changes to the Water Quality Conditions 

With respect to water quality, the model results show that there can be seen to be a very 
slight increase in BOD in the lower Tolka. However, it is considered likely that the model 
changes seen will be below the level of measured detectability for BOD and appears a 
significant change with respect to the % difference and not the 95%ile values. It is noted 
that in the future scenario BOD coming from Ringsend will be half of the existing 
situation. It is considered that the primary reason for this difference is due to the 
changes in how the flood tide operates with the repaired weir structure at the ESB 
outfall.  

For TSS, it is apparent that overall there is an improvement in the future as the levels 
coming from Ringsend will reduce. In addition, it is noted that limited background 
information was available to this study for TSS. Therefore it is considered likely that the 
background concentrations due to wave stirring and from rivers is likely to be greater 
than that seen in the model tests.  

Ammonia and MRP can be seen to be an improvement in most locations following the 
WwTP upgrade. Of note for Ammonia is that within the Bay/Coastal waters it can be 
seen to be below the EQS (for river and lake environments) in the future scenario.  

The results for DIN illustrate a slight worsening in summer, which again appears at odds 
with the reduction in DIN planned for the new WwTP. The principal control on this, is 
again considered to be the upgrade to the sheetpiles around the ESB outfall, leading to 
the changes. It is noted that the status of the estuary for DIN is generally on the 
threshold between poor and good. However the EQS for DIN used herein is prescribed 
for Coastal Waters, not Transitional Waters.   

The outputs for E. coli are specific to the storm events and show a general reduction, 
primarily due to the improved control of the storm water. It is important to note that none 
of the bathing water monitoring locations were seen to be negatively impacted by the 
proposed changes, with the results highlighting that the existing failures at beaches is 
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likely to be due to the localised outfalls in the immediate proximity of the bathing water 
beaches.  

8.3 Remaining Uncertainties  

The detailed modelling study undertaken here is considered robust for the EIAR. 
However the process has highlighted areas of residual uncertainty.  

• Further representation of the flows in the rivers – gauging of the rivers is 
undertaken at some distance from the areas of impact and the large number of 
unmonitored freshwater flows could influence the dynamics of the estuary. 

• As part of any future design studies for the ESB outfall, there could be a need 
for further consideration of the potential impact of any alterations made to the 
structure. 
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The Modules of the Flexible Mesh Series  

 1 

MIKE 21 & MIKE 3 Flow Model FM 

The Flow Model FM is a comprehensive modelling 

system for two- and three-dimensional water 

modelling developed by DHI. The 2D and 3D models 

carry the same names as the classic DHI model 

versions MIKE 21 & MIKE 3 with an ‘FM’ added 

referring to the type of model grid - Flexible Mesh. 

The modelling system has been developed for 

complex applications within oceanographic, coastal 

and estuarine environments. However, being a 

general modelling system for 2D and 3D free-

surface flows it may also be applied for studies of 

inland surface waters, e.g. overland flooding and 

lakes or reservoirs.  

 

MIKE 21 & MIKE 3 Flow Model FM is a general 
hydrodynamic flow modelling system based on a finite 
volume method on an unstructured mesh 

The Modules of the Flexible Mesh Series 
DHI’s Flexible Mesh (FM) series includes the 

following modules: 

Flow Model FM modules 

 Hydrodynamic Module, HD 

 Transport Module, TR 

 Ecology Module, ECO Lab 

 Oil Spill Module, ELOS 

 Sand Transport Module, ST 

 Mud Transport Module, MT 

 Particle Tracking Module, PT 

Wave module 

 Spectral Wave Module, SW 

The FM Series meets the increasing demand for 

realistic representations of nature, both with regard 

to ‘look alike’ and to its capability to model coupled 

processes, e.g. coupling between currents, waves 

and sediments. Coupling of modules is managed in 

the Coupled Model FM. 

All modules are supported by advanced user 

interfaces including efficient and sophisticated tools 

for mesh generation, data management, 2D/3D 

visualization, etc. In combination with 

comprehensive documentation and support, the FM 

series forms a unique professional software tool for 

consultancy services related to design, operation 

and maintenance tasks within the marine 

environment. 

An unstructured grid provides an optimal degree of 

flexibility in the representation of complex 

geometries and enables smooth representations of 

boundaries. Small elements may be used in areas 

where more detail is desired, and larger elements 

used where less detail is needed, optimising 

information for a given amount of computational 

time. 

The spatial discretisation of the governing equations 

is performed using a cell-centred finite volume 

method. In the horizontal plane an unstructured grid 

is used while a structured mesh is used in the 

vertical domain (3D). 

This document provides a short description of the 

Hydrodynamic Module included in MIKE 21 & MIKE 

3 Flow Model FM.  

 

Example of computational mesh for Tamar Estuary, UK 
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MIKE 21 & MIKE 3 Flow Model FM - 
Hydrodynamic Module 

The Hydrodynamic Module provides the basis for 

computations performed in many other modules, but 

can also be used alone. It simulates the water level 

variations and flows in response to a variety of 

forcing functions on flood plains, in lakes, estuaries 

and coastal areas. 

Application Areas 
The Hydrodynamic Module included in MIKE 21 & 

MIKE 3 Flow Model FM simulates unsteady flow 

taking into account density variations, bathymetry 

and external forcings. 

The choice between 2D and 3D model depends on a 

number of factors. For example, in shallow waters, 

wind and tidal current are often sufficient to keep the 

water column well-mixed, i.e. homogeneous in 

salinity and temperature. In such cases a 2D model 

can be used. In water bodies with stratification, 

either by density or by species (ecology), a 3D 

model should be used. This is also the case for 

enclosed or semi-enclosed waters where wind-

driven circulation occurs. 

 

Typical application areas are 

 Assessment of hydrographic conditions for 

design, construction and operation of structures 

and plants in stratified and non-stratified waters  

 Environmental impact assessment studies 

 Coastal and oceanographic circulation studies 

 Optimization of port and coastal protection 

infrastructures  

 Lake and reservoir hydrodynamics 

 Cooling water, recirculation and desalination  

 Coastal flooding and storm surge 

 Inland flooding and overland flow modelling  

 Forecast and warning systems 

 

Example of a global tide application of MIKE 21 Flow 
Model FM. Results from such a model can be used as 
boundary conditions for regional scale forecast or hindcast 
models 

  

MIKE 21 & MIKE 3 FLOW MODEL FM supports both Cartesian and spherical coordinates. Spherical coordinates are 
usually applied for regional and global sea circulation applications. The chart shows the computational mesh and 
bathymetry for the planet Earth generated by the MIKE Zero Mesh Generator 



Application Areas  
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The MIKE 21 & MIKE 3 Flow Model FM also support 

spherical coordinates, which makes both models 

particularly applicable for global and regional sea 

scale applications. 

 

Example of a flow field in Tampa Bay, FL, simulated by 
MIKE 21 Flow Model FM 

 

Study of thermal recirculation 

 

Typical applications with the MIKE 21 & MIKE 3 Flow 
Model FM include cooling water recirculation and 
ecological impact assessment (eutrophication) 

The Hydrodynamic Module is together with the 

Transport Module (TR) used to simulate the 

spreading and fate of dissolved and suspended 

substances. This module combination is applied in 

tracer simulations, flushing and simple water quality 

studies. 

 

Tracer simulation of single component from outlet in the 
Adriatic, simulated by MIKE 21 Flow Model FM HD+TR 

 

Prediction of ecosystem behaviour using the MIKE 21 & 
MIKE 3 Flow Model FM together with ECO Lab 
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The Hydrodynamic Module can be coupled to the 

Ecological Module (ECO Lab) to form the basis for 

environmental water quality studies comprising 

multiple components. 

Furthermore, the Hydrodynamic Module can be 

coupled to sediment models for the calculation of 

sediment transport. The Sand Transport Module and 

Mud Transport Module can be applied to simulate 

transport of non-cohesive and cohesive sediments, 

respectively. 

In the coastal zone the transport is mainly 

determined by wave conditions and associated 

wave-induced currents. The wave-induced currents 

are generated by the gradients in radiation stresses 

that occur in the surf zone. The Spectral Wave 

Module can be used to calculate the wave conditions 

and associated radiation stresses. 

 

Model bathymetry of Taravao Bay, Tahiti

 

 

Coastal application (morphology) with coupled MIKE 21 
HD, SW and ST, Torsminde harbour Denmark 

Example of Cross reef currents in Taravao Bay, Tahiti simulated with MIKE 3 Flow Model FM. The circulation and renewal of 
water inside the reef is dependent on the tides, the meteorological conditions and the cross reef currents, thus the circulation 
model includes the effects of wave induced cross reef currents 
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Computational Features 
The main features and effects included in 

simulations with the MIKE 21 & MIKE 3 Flow Model 

FM – Hydrodynamic Module are the following: 

 Flooding and drying  

 Momentum dispersion 

 Bottom shear stress  

 Coriolis force  

 Wind shear stress  

 Barometric pressure gradients  

 Ice coverage 

 Tidal potential 

 Precipitation/evaporation  

 Wave radiation stresses  

 Sources and sinks  

Model Equations 
The modelling system is based on the numerical 

solution of the two/three-dimensional incompressible 

Reynolds averaged Navier-Stokes equations subject 

to the assumptions of Boussinesq and of hydrostatic 

pressure. Thus, the model consists of continuity, 

momentum, temperature, salinity and density 

equations and it is closed by a turbulent closure 

scheme. The density does not depend on the 

pressure, but only on the temperature and the 

salinity.  

For the 3D model, the free surface is taken into 

account using a sigma-coordinate transformation 

approach or using a combination of a sigma and z-

level coordinate system. 

Below the governing equations are presented using 

Cartesian coordinates.  

The local continuity equation is written as 
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Temperature and salinity 
In the Hydrodynamic Module, calculations of the 

transports of temperature, T, and salinity, s follow 

the general transport-diffusion equations as 
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Unstructured mesh technique gives the maximum degree of 
flexibility, for example: 1) Control of node distribution allows for 
optimal usage of nodes 2) Adoption of mesh resolution to the 
relevant physical scales 3) Depth-adaptive and boundary-fitted 
mesh. Below is shown an example from Ho Bay Denmark with the 
approach channel to the Port of Esbjerg 



 MIKE 21 & MIKE 3 Flow Model FM 

6 Hydrodynamic Module - © DHI 

The horizontal diffusion terms are defined by 
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The equations for two-dimensional flow are obtained 

by integration of the equations over depth. 

Heat exchange with the atmosphere is also included. 

 

Symbol list 

t time 

x, y, z Cartesian coordinates 

u, v, w flow velocity components 

T, s temperature and salinity 

Dv  vertical turbulent (eddy) diffusion 

coefficient 

Ĥ source term due to heat exchange with 

atmosphere 

S magnitude of discharge due to point 

sources 

Ts, ss  temperature and salinity of source 

FT, Fs, Fc  horizontal diffusion terms 

Dh  horizontal diffusion coefficient 

h  depth 

Solution Technique 
The spatial discretisation of the primitive equations is 

performed using a cell-centred finite volume method. 

The spatial domain is discretised by subdivision of 

the continuum into non-overlapping elements/cells.  

 

Principle of 3D mesh 

In the horizontal plane an unstructured mesh is used 

while a structured mesh is used in the vertical 

domain of the 3D model. In the 2D model the 

elements can be triangles or quadrilateral elements. 

In the 3D model the elements can be prisms or 

bricks whose horizontal faces are triangles and 

quadrilateral elements, respectively.  

Model Input 
Input data can be divided into the following groups: 

 Domain and time parameters: 

- computational mesh (the coordinate type is 

defined in the computational mesh file) and 

bathymetry 

- simulation length and overall time step 

 Calibration factors 

- bed resistance 

- momentum dispersion coefficients 

- wind friction factors 

 Initial conditions 

- water surface level 

- velocity components 

 Boundary conditions 

- closed 

- water level 

- discharge 

 Other driving forces 

- wind speed and direction 

- tide 

- source/sink discharge 

- wave radiation stresses 

 

View button on all the GUIs in MIKE 21 & MIKE 3 FM HD 
for graphical view of input and output files  
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The Mesh Generator is an efficient MIKE Zero tool for the 
generation and handling of unstructured meshes, including 
the definition and editing of boundaries  

Providing MIKE 21 & MIKE 3 Flow Model FM with a 

suitable mesh is essential for obtaining reliable 

results from the models. Setting up the mesh 

includes the appropriate selection of the area to be 

modelled, adequate resolution of the bathymetry, 

flow, wind and wave fields under consideration and 

definition of codes for defining boundaries. 

 

2D visualization of a computational mesh (Odense 
Estuary) 

Bathymetric values for the mesh generation can e.g. 

be obtained from the MIKE by DHI product MIKE C-

Map. MIKE C-Map is an efficient tool for extracting 

depth data and predicted tidal elevation from the 

world-wide Electronic Chart Database CM-93 Edition 

3.0 from Jeppesen Norway. 

 

3D visualization of a computational mesh 

If wind data is not available from an atmospheric 

meteorological model, the wind fields (e.g. cyclones) 

can be determined by using the wind-generating 

programs available in MIKE 21 Toolbox. 

Global winds (pressure & wind data) can be 

downloaded for immediate use in your simulation. 

The sources of data are from GFS courtesy of 

NCEP, NOAA. By specifying the location, orientation 

and grid dimensions, the data is returned to you in 

the correct format as a spatial varying grid series or 

a time series. The link is: 

http://waterdata.dhigroup.com/octopus/home  

 

The chart shows a hindcast wind field in the North Sea 
and Baltic Sea as wind speed and wind direction 

  

http://waterdata.dhigroup.com/octopus/home
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Model Output  
Computed output results at each mesh element and 

for each time step consist of:  

 Basic variables 

- water depth and surface elevation 

- flux densities in main directions 

- velocities in main directions 

- densities, temperatures and salinities 

 Additional variables 

- Current speed and direction 

- Wind velocities 

- Air pressure 

- Drag coefficient 

- Precipitation/evaporation 

- Courant/CFL number 

- Eddy viscosity 

- Element area/volume 

The output results can be saved in defined points, 

lines and areas. In the case of 3D calculations the 

results are saved in a selection of layers. 

Output from MIKE 21 & MIKE 3 Flow Model FM is 

typically post-processed using the Data Viewer 

available in the common MIKE Zero shell. The Data 

Viewer is a tool for analysis and visualization of 

unstructured data, e.g. to view meshes, spectra, 

bathymetries, results files of different format with 

graphical extraction of time series and line series 

from plan view and import of graphical overlays.  

 

The Data Viewer in MIKE Zero – an efficient tool for 
analysis and visualization of unstructured data including 
processing of animations. Above screen dump shows 
surface elevations from a model setup covering Port of 
Copenhagen 

 

Vector and contour plot of current speed at a vertical 
profile defined along a line in Data Viewer in MIKE Zero 

Validation 
Prior to the first release of MIKE 21 & MIKE 3 Flow 

Model FM the model has successfully been applied 

to a number of rather basic idealized situations for 

which the results can be compared with analytical 

solutions or information from the literature. 

 

The domain is a channel with a parabola-shaped bump in 
the middle. The upstream (western) boundary is a 
constant flux and the downstream (eastern) boundary is a 
constant elevation. Below: the total depths for the 
stationary hydraulic jump at convergence. Red line: 2D 
setup, green line: 3D setup, black line: analytical solution  
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A dam-break flow in an L-shaped channel (a, b, c): 

 

a) Outline of model setup showing the location of 
gauging points 

 

b) Comparison between simulated and measured water 
levels at the six gauge locations. 
(Blue) coarse mesh (black) fine mesh and (red) 
measurements 

The model has also been applied and tested in 

numerous natural geophysical conditions; ocean 

scale, inner shelves, estuaries, lakes and overland, 

which are more realistic and complicated than 

academic and laboratory tests. 

 

 

 

c) Contour plots of the surface elevation at T = 1.6 s 
(top) and T = 4.8 s (bottom) 

 

Example from Ho Bay, a tidal estuary (barrier island coast) 
in South-West Denmark with access channel to the Port of 
Esbjerg. Below: Comparison between measured and 
simulated water levels 
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The user interface of the MIKE 21 and MIKE 3 Flow Model FM (Hydrodynamic Module), including an example of the 
extensive Online Help system 

 

Graphical User Interface 
The MIKE 21 & MIKE 3 Flow Model FM 

Hydrodynamic Module is operated through a fully 

Windows integrated graphical user interface (GUI). 

Support is provided at each stage by an Online Help 

system. 

The common MIKE Zero shell provides entries for 

common data file editors, plotting facilities and 

utilities such as the Mesh Generator and Data 

Viewer. 

 

 

Overview of the common MIKE Zero utilities 
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Parallelisation 
The computational engines of the MIKE 21/3 FM 

series are available in versions that have been 

parallelised using both shared memory (OpenMP) as 

well as distributed memory architecture (MPI). The 

result is much faster simulations on systems with 

many cores. 

 

MIKE 21 FM speed-up using a HPC Cluster with 
distributed memory architecture (purple) 

Hardware and Operating System 
Requirements 
The MIKE 21 and MIKE 3 Flow Model FM 

Hydrodynamic Module supports Microsoft Windows 

7 Professional Service Pack 1 (32 and 64 bit), 

Windows 8.1 Pro (64 bit), Windows 10 Pro (64 bit) 

and Windows Server 2012 R2 Standard (64 bit). 

Microsoft Internet Explorer 9.0 (or higher) is required 

for network license management as well as for 

accessing the Online Help.  

The recommended minimum hardware requirements 

for executing the MIKE 21 and MIKE 3 Flow Model 

FM Hydrodynamic Module are: 

Processor: 3 GHz PC (or higher) 

Memory (RAM): 4 GB (or higher) 

Hard disk: 160 GB (or higher) 

Monitor: SVGA, resolution 1024x768 

Graphic card: 64 MB RAM (256 MB RAM or 

higher is recommended) 

 

 

 

 

Support 
News about new features, applications, papers, 

updates, patches, etc. are available here: 

www.mikepoweredbydhi.com/Download/DocumentsAndTools.aspx  

For further information on MIKE 21 and MIKE 3 Flow 

Model FM software , please contact your local DHI 

office or the support centre: 

MIKE Powered by DHI Client Care 

Agern Allé 5 

DK-2970  Hørsholm 

Denmark 

Tel: +45 4516 9333 

Fax: +45 4516 9292 

mike@dhigroup.com 

www.mikepoweredbydhi.com 

Documentation 
The MIKE 21 & MIKE 3 Flow Model FM models are 

provided with comprehensive user guides, online 

help, scientific documentation, application examples 

and step-by-step training examples. 

 

 

  

http://www.mikepoweredbydhi.com/Download/DocumentsAndTools.aspx
mailto:mike@dhigroup.com
http://www.mikebydhi.com/
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APPENDIX B– Transport  Model,  Short  
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MIKE 21 & MIKE 3 Flow Model FM - 
Transport Module 

The Transport Module simulates the spreading and 

fate of dissolved or suspended substances in an 

aquatic environment under the influence of the fluid 

transport and associated dispersion processes. The 

substance may be of any kind, conservative or non-

conservative, inorganic or organic. Non-conservative 

substances are distinguished by the manner in 

which they decay. Examples of linearly decaying 

substances are tracers that are absorbed to 

particulate matter. 

The hydrodynamic basis for the Transport Module is 

calculated with the Hydrodynamic Module (HD). The 

hydrodynamic modules can be applied for both 

barotrophic (constant density) or baroclinic flows. In 

the latter case, the effect of variable density on the 

flow is included by solving the transport equations 

for salt and temperature. The viscosities or 

diffusivities in the hydrodynamic module are 

described either as simple constant or calculated 

using state-of-the-art turbulence models. 

Application Areas 
The Transport Module can be applied to a wide 

range of hydraulic and related phenomena. The 

application areas are generally problems where flow 

and transport phenomena are important with 

emphasis on coastal and marine applications, where 

the flexibility inherited in the unstructured meshes 

can be utilised. 

Typical substances, which are modelled using the 

Transport Module are: 

 Tracers 

 Coliform bacteria 

 Xenobiotic compounds 

Typical applications include flushing studies, tracer 

simulations and simple water quality studies. In 

relation to point pollution sources the Transport 

Module can be used for conservative approximations 

of transport and dispersion of e-coli bacteria 

provided sufficient choice of decay coefficient. 

The Ecology and Water Quality Module (ECO Lab) 

is closely integrated with the Transport Module and 

the Hydrodynamic Module. ECO Lab simulates 

reaction processes in multi-compound systems or of 

substances with a more complex decay than linear, 

i.e. decay of substances that also depend on light 

intensity like e-coli. This enables complex ecosystem 

studies in coastal areas, estuaries and lakes.  

 

Typical applications with the MIKE 21 & MIKE 3 Flow 
Model FM Transport Module include tracer studies as 
shown above in the Venice lagoon 

 

Example of plumes from outfall with colours indicating 
different concentrations 
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Example of user interface where sources from CSO’s are 
specified to be used in model simulations to compare 
different abatement schemes, or online as input to 
forecasts of water quality 

 

Example of bathing water quality forecasts from a 
municipality north of Copenhagen. The forecasts are made 
available on a dedicated bathing water quality webpage 

Computational Features 
The main features of MIKE 21 & MIKE 3 Flow Model 

FM – Transport Module are as follows:  

 Conservative substances 

 Linear decay 

 Sources and sinks (mass and momentum) 

Model Equations 
MIKE 21 & MIKE 3 Flow Model FM Transport 

Module is dynamically linked to the Hydrodynamic 

Module. 

The modelling system is based on the numerical 

solution of the two/three-dimensional incompressible 

Reynolds averaged Navier-Stokes equations subject 

to the assumptions of Boussinesq and of hydrostatic 

pressure. Thus the model consists of continuity, 

momentum, temperature, salinity and density 

equations and it is closed by a turbulent closure 

scheme. The density does not depend on the 

pressure, but only on the temperature and the 

salinity. 

For the 3D model, the free surface is taken into 

account using a sigma-coordinate transformation 

approach. 

 

Flushing study example from a harbour on Tahiti.  
Top: An initial concentration field is placed in the harbour 
and the dilution due to advection-dispersion processes are 
then simulated with the HD-TR modules.  
Bottom: Time series of tidal elevations 
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Scalar quantity 
The Transport Module can calculate the transport of 

a scalar quantity. The conservation equation for a 

scalar quantity is given by 
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The horizontal diffusion term is defined by 
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For 2D calculations, the conservation equation is 

integrated over depth and defined by 
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Symbol list 

t time 

x, y, z Cartesian coordinates 

Dv  vertical turbulent (eddy) diffusion 

coefficient 

S magnitude of discharge due to point 

sources 

Fc  horizontal diffusion term 

Dh  horizontal diffusion coefficient 

h  depth 

u , v  depth-averaged velocity components 

C  concentration of scalar quantity 

kp  linear decay rate of scalar quantity 

CS  concentration of scalar quantity in source 

 

Solution Technique 
The solution of the transport equations is closely 

linked to the solution of the hydrodynamic 

conditions. 

The spatial discretization of the primitive equations is 

performed using a cell-centred finite volume method. 

The spatial domain is discretized by subdivision of 

the continuum into non-overlapping elements/cells. 

In the horizontal plane an unstructured mesh is used 

while in the vertical domain in the 3D model a 

structured mesh is used. In the 2D model the 

elements can be triangles or quadrilateral elements. 

In the 3D model the elements can be prisms or 

bricks whose horizontal faces are triangles and 

quadrilateral elements, respectively. 

The time integration is performed using an explicit 

scheme. 

 

Principle of 3D mesh 

Model Input Data 
The necessary input data to the transport model is, 

besides the input for the hydrodynamic model alone, 

information about the components to simulate: 

 Component type 

 Dispersion coefficients 

 Decay information 

 Initial conditions 

 Boundary conditions 

 

Example of Flexible Mesh generated for a flushing study in 
Port of Malmoe, Sweden. The background image is from 
MIKE C-Map which enables extraction of land contours 
and water depths from digitized Admiralty Charts provided 
by Jeppesen Norway 

Model Output Data 
The output from the model includes the concentra-

tions of the given components. 

It is possible to specify the format of the output files 

in MIKE 21 & MIKE 3 as times series of points, lines, 

areas and volumes (three-dimensional calculations 

only). 
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Graphical User Interface 
The MIKE 21 & MIKE 3 Flow Model FM, Transport 

Module is operated through a fully Windows 

integrated Graphical User Interface (GUI). Support is 

provided at each stage by an Online Help System. 

The common MIKE Zero shell provides entries for 

common data file editors, plotting facilities and a 

toolbox for/utilities as the Mesh Generator and Data 

Viewer. 

 

 

Overview of the common MIKE Zero utilities 

  

Graphical user interface of the MIKE 21 Flow Model FM, Transport Module, including an example of the Online Help 
System 
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Parallelisation 
The computational engines of the MIKE 21/3 FM 

series are available in versions that have been 

parallelised using both shared memory (OpenMP) as 

well as distributed memory architecture (MPI). The 

result is much faster simulations on systems with 

many cores. 

 

MIKE 21 FM speed-up using a HPC Cluster with 
distributed memory architecture (purple) 

Hardware and Operating System 
Requirements 
The MIKE 21 & MIKE 3 Flow Model FM Transport 

Module supports Microsoft Windows 7 Professional 

Service Pack 1 (32 and 64 bit), Windows 8.1 Pro (64 

bit), Windows 10 Pro (64 bit) and Windows Server 

2012 R2 Standard (64 bit). Microsoft Internet 

Explorer 9.0 (or higher) is required for network 

license management as well as for accessing the 

Online Help.  

The recommended minimum hardware requirements 

for executing the MIKE 21 & MIKE 3 Flow Model FM 

Transport Module are: 

Processor: 3 GHz PC (or higher) 

Memory (RAM): 4 GB (or higher) 

Hard disk: 160 GB (or higher) 

Monitor: SVGA, resolution 1024x768 

Graphic card: 64 MB RAM (256 MB RAM or 

higher is recommended) 

 

 

 

 

Support 
News about new features, applications, papers, 

updates, patches, etc. are available here: 

www.mikepoweredbydhi.com/Download/DocumentsAndTools.aspx  

For further information on MIKE 21 & MIKE 3 Flow 

Model FM software, please contact your local DHI 

office or the support centre: 

MIKE Powered by DHI Client Care 

Agern Allé 5 

DK-2970  Hørsholm 

Denmark 

Tel: +45 4516 9333 

Fax: +45 4516 9292 

mike@dhigroup.com 

www.mikepoweredbydhi.com 

Documentation 
The MIKE 21 & MIKE 3 Flow Model FM models are 

provided with comprehensive user guides, online 

help, scientific documentation, application examples 

and step-by-step training examples. 

 

 

  

http://www.mikepoweredbydhi.com/Download/DocumentsAndTools.aspx
mailto:mike@dhigroup.com
http://www.mikebydhi.com/
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APPENDIX C– Water qual i ty model resul ts:  
scenar io concentrat ions 
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Water Quality Model Results  

 C-1 

C Water Quality Model Results 
Full water quality scenario results are provided as a digital appendix. 

The appendix contains various subfolders named RgdEIS_1.01, RgdEIS_1.02, RgdEIS_1.03, 
etc. (see first image below).  The number in the folder name refers to the water quality model 
scenario ID (see Table 6.2).  

Within each sub-folder are a series of image files (.png) which show the results map for that 
scenario.  The file name of the images refers to the water quality model scenario, the vertical 
reference layer, and the representative concentration.  For example, the second image below 
shows the results for water quality model scenario 1.02, which are for a 95 percentile 
concentration.  There are three images in the folder representing depth-average, surface, and 
mid-layer concentrations.  

Folder containing results of Water Quality Model Scenarios 
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Sub-folder containing Water Quality Model Scenarios results maps 
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